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ABSTRACT OF THESIS 
 
THE EFFECT OF INTEGRATED WEED MANAGEMENT STRATEGIES ON WEED 
POPULATIONS AND BIOMASS, PASTURE PRODUCTIVITY, ECONOMIC 
RETURNS, AND FORAGE QUALITY WITH AND WITHOUT GRAZING 
 
Field studies examined the strategies of mowing, herbicide, fertility, and all 
combinations on tall ironweed populations, weed biomass, pasture yield, grazing, 
economics, and forage quality at three Kentucky locations. Mowing was performed in 
July 2008 and 2009, herbicide applied in August 2008, and fertilizer applied in 
September 2008 and 2009 at all locations. Weed populations were measured in 2008, 
2009, and 2010, and forage and weed biomass collected in May or June of 2009 and 
2010. Herbicide treatments reduced weed biomass at all locations, and reduced tall 
ironweed stems by 64% or greater in 2009 at all locations. Weed biomass did not differ 
when comparing all treatments with and without mowing or treatments with or without 
fertilizer.  Forage grass biomass produced was greatest with herbicide plus fertilizer and 
with the combination of mowing plus herbicide plus fertilizer at all locations in both 
years. Two years of grazing did not reduce weed populations. Grazing did reduce forage 
grass and clover biomass at one location, and weed biomass at two locations. Two 
locations had positive economic returns based on herbicide treatment for weed control 
and forge yield. Herbicide treatments reduced crude protein at one location and in-vitro 
true digestibility at two locations.  
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Thesis Introduction 
 Tall fescue is a cool-season grass grown on approximately 2.5 million hectares in 
Kentucky, and is used extensively for forage and hay production in beef cattle and other 
livestock enterprises (Lacefield et al 2003). Tall fescue produces 2200 to 4500 kg per 
hectare of biomass per year (Lacefield et al 2003) with the majority of its growth 
occurring in spring (Balasko and Nelson 2003): however, later fall growth may be 
stockpiled for late fall grazing (Volenec and Nelson 2003). This forage production is the 
major component of Kentucky’s 1.1 million beef cattle in 2007,  the majority of which 
were on farms with 10 to 99 head of beef cattle (USDA census 2007). 
Pastures may be overgrazed due to an increase in grazing intensity due to high 
stocking rates or severe extremes in climate. This can lead to gaps in the plant canopy 
that allow perennial and summer annual weeds to emerge. Tall ironweed (Vernonia 
altissima Nutt.) and Carolina horsenettle (Solanum carolinense L.) are native warm-
season perennials (Bryson and DeFelice 2009) commonly found in over-grazed beef 
cattle pastures and are among the most troublesome pasture weeds in Kentucky (Webster 
2008). Tall ironweed and Carolina horsenettle are not grazed by cattle and will increase 
in population and reduce forage quantity over time (Marshall et al 2006; Payne et al. 
2010).  
 Forage yield reduction and livestock carrying capacity are often cited as reasons 
farm managers control weeds in grazed pastures. Overgrazed and neglected pastures are 
often renovated when producers feel that optimum yield is no longer being obtained and 
that increases in pasture yield would outweigh the cost of renovation (Brink et al. 2010). 
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Pasture renovation focuses on the improvement of existing pasture and can use different 
strategies to reduce weed populations and increase forage production. A late season 
annual mowing may be utilized to reduce seed production, biomass, and root 
carbohydrates of perennial pasture weeds (Marshall et al 2006).  Selective herbicides are 
effective at reducing biomass and populations of several perennial pasture weeds when 
applied at the correct time (Marshall et al 2006). Fertilizer is often recommended to 
increase the biomass and competitiveness of desirable forage grasses and legumes and aid 
in weed control. 
 While these weed control strategies can be effective individually or in 
combination, the cost of these treatments can be expensive. Treatments may have 
unintended consequences such as the removal of a desirable legume species or decreasing 
the quality of the available forage. More research was needed to determine the effects of 
integrated weed management strategies on weed populations and biomass, tall fescue 
pasture production and quality, economic costs and returns of treatments, and their 
effectiveness under grazing by beef animals.
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Chapter 1: Integrated Management Strategies Reduced Tall Ironweed (Vernonia 
altissima) Populations and Weed Biomass and Improved Tall Fescue (Lolium 
arundinaceum) Pasture Productivity 
Abstract 
Field studies examined the management strategies of mowing, herbicide, fertility, 
and all possible combinations on tall ironweed populations, weed biomass, and pasture 
yield at three Kentucky locations. Mowing was performed in July 2008 and 2009, 
herbicide applied in August 2008, and fertilizer applied in September 2008 and 2009 at 
all locations. Weed populations were measured in 2008, 2009, and 2010, and forage 
grass, clover, and weed biomass collected in May or early June of 2009 and 2010. All 
treatments with herbicide reduced tall ironweed stems by 64% or greater in 2009 at all 
locations. Mowing alone, fertilizer alone, and mowing plus fertilizer did not reduce tall 
ironweed populations, except at one location where mowing alone reduced tall ironweed 
stems by 64% in 2009. Tall ironweed stems were not reduced in 2010 with any treatment 
at two locations, but herbicide combined with mowing or fertilizer reduced tall ironweed 
stems by 78% at the other location.  Tall goldenrod population was reduced up to 100% 
by all treatments with herbicide or mowing alone, and mowing with fertilizer reduced tall 
goldenrod from 59 to 89%. Treatments did not reduce Carolina horsenettle populations. 
Herbicide containing treatments reduced weed biomass at all locations. Weed biomass 
did not differ when comparing all treatments with and without mowing or treatments with 
or without fertilizer.  Forage grass biomass was greatest with herbicide plus fertilizer and 
 
2 
 
with the combination of mowing plus herbicide plus fertilizer at all locations in both 
years.  
Nomenclature: Tall fescue (Lolium arundinaceum Schreb.), tall ironweed (Vernonia 
altissima Nutt.) VENAL, Carolina horsenettle (Solanum carolinense L.) SOLCA, tall 
goldenrod (Solidago canadensis L. var. scabra Torr. & Gray) SOOAL 
Key words: aminopyralid, 2,4-D, fertilizer, forages, integrated weed management, 
mowing. 
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Introduction 
Tall fescue is a cool-season grass grown for pasture within the temperate zone of 
the United States. It is grown on approximately 2.5 million hectares in Kentucky, and is 
used extensively for hay and forage production for beef cattle and other livestock 
enterprises (Lacefield et al. 2003). Tall fescue exhibits a typical cool-season growth 
pattern with the majority of its growth and flowering occurring in the spring (Balasko and 
Nelson 2003). This primary growth period is followed by a secondary growth period in 
the fall consisting of elongated leaves, which allow tall fescue to be stockpiled for late 
fall grazing (Volenec and Nelson 2003).   
Tall ironweed (Vernonia altissima Nutt.) and Carolina horsenettle (Solanum 
carolinense L.) are native warm-season perennials (Bryson and DeFelice 2009) 
commonly found in over-grazed beef cattle pastures and are among the most troublesome 
pasture weeds in Kentucky (Webster 2008). Tall ironweed and Carolina horsenettle are 
not grazed by cattle and will increase in population and reduce forage quantity over time 
(Marshall et al 2006; Payne et al. 2010).  
Forage yield reduction and livestock carrying capacity are often cited as reasons 
farm managers control weeds in grazed pastures. Pasture weeds reduce desirable forage 
biomass through direct competition for resources in the field (Grekul and Bork 2004; 
Iijima and Kurokawa 1999; Reece and Wilson 1983; Schreiber 1967). Reece and Wilson 
(1983) reported that Kentucky bluegrass (Poa pratensis L.) pasture yield was increased 
by treatments with picloram plus 2,4-D compared to the control without herbicide 
regardless of fertilization. Kentucky bluegrass and smooth bromegrass (Bromus inermis 
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Leyss.) pasture yields were reduced by 2 kg ha-1 per kilogram of Canada thistle (Cirsium 
canadensis L.) biomass (Grekul and Bork 2004). Alfalfa pasture yield was reduced by 
6730 kg over four years due to Canada thistle infestation at 20 plants m-2 (Schreiber 
1967). Effective weed management is an essential tool to improve pasture production and 
to prevent substantial yield losses due to weeds (Grekul and Bork 2004; Schreiber 1967). 
  A late season annual mowing may be utilized to reduce seed production, biomass, 
and root carbohydrates of perennial pasture weeds (Marshall et al 2006; Linscott and 
McCarty 1962; McCarty and Linscott 1963). Peters and Lowance (1978) reported that 
multiple mowings within a season, when properly timed, reduced the stand of western 
ironweed (Vernonia baldwinii Torr.) and gray goldenrod (Solidago nemoralis Aiton). A 
50% reduction in above ground growth of western ironweed occurred during nine 
consecutive years of mowing despite a negligible change in populations of western 
ironweed (McCarty and Linscott 1963). An annual mowing over nine years reduced 
western ironweed root dry weight by approximately 60%, though root carbohydrate 
reserves were unchanged (Linscott and McCarty 1962). Stoll et al. (1998) reported a 50% 
reduction in the rhizome mass of tall goldenrod (Solidago altissima L.) after one year of 
mowing. Mowing alone provided a 55% reduction in Canada thistle shoot density one 
year after treatment, a 75% reduction in shoot density and a 36% reduction in biomass 
two years after treatment (Grekul and Bork 2007).  
Selective herbicides were effective at reducing biomass and populations of several 
perennial pasture weeds. McCarty and Linscott (1962) observed that 2,4-D applied 
annually for ten years eliminated western ironweed populations. Fall-applied picloram or 
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clopyralid reduced Canada thistle stands (Donald 1993). Mann et al. (1983) reported that 
triclopyr reduced tall ironweed populations and minimized regrowth and Marshall et al. 
(2006) observed that fall applied treatments containing triclopyr following a midsummer 
mowing provided 80% tall ironweed control 12 months after treatment (MAT).  Payne et 
al. (2010) also found that aminopyralid + 2,4-D, picloram +2,4-D, or aminopyralid 
applied in August reduced tall ironweed shoot density 10 MAT.  Furthermore, Payne and 
Bradley (2010) reported that aminopyralid + 2,4-D reduced tall goldenrod populations.  
Fertilizer is often recommended to increase the biomass and competitiveness of 
desirable forage grasses and legumes and aid in weed control. Grekul and Bork (2007) 
reported that spring-applied fertilizer decreased Canada thistle density but increased 
aboveground biomass, and herbicidal control was enhanced when combined with 
fertilization. Bork et al. (2007) observed that herbicides combined with spring-applied 
fertilizer increased pasture grass yields and quality, but reduced the legume component. 
Tall fescue fertilized in the fall promotes forage growth, a practice that has been 
used for stockpiling forage for beef cattle to graze during late fall and early winter 
(Rayburn et al. 1979; Taylor and Templeton 1976; Volenec and Nelson 2003). Fall 
fertilization has been recommended for horse pastures to promote tillering, increase 
stand, and increase root growth to improve winter survival of cool-season forage grasses 
(Schwab and Piersawl 2010). However, the impact of fall fertilization on weed 
management in tall fescue pastures is not well documented.  
Several studies have evaluated combinations of mowing, herbicide, or fertilizer for 
pasture weed control (Beck and Sebastian 2000; Bork et al. 2007; Funderburg and 
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Biermacher 2010; Grekul and Bork 2007; Linscott and McCarty 1962; MacDonald et al. 
1994; McCarty and Linscott 1962; Stoll et al. 1998). Previous research did not evaluate 
all three methods combined in an integrated approach for pasture weed management. The 
objective of this research was to compare mowing, herbicide, and fertilizer, alone and in 
all possible combinations, on tall ironweed and other pasture weed populations, weed 
biomass, and productivity of desirable forages. 
 
Materials & Methods 
Site Description. Research was conducted from 2008 to 2010 in pastures near 
Lawrenceburg (38°3’39”N 84°53’57”W), Tompkinsville (36°40’33”N 85°41’7”W), and 
Richmond (37°49’43”N 84°14’40”W), Kentucky. All sites were on producer operated 
beef cattle farms with tall fescue as the dominant cool-season grass. Tall ironweed was 
common at all sites and mowing was the primary weed control tactic implemented at 
these locations in the years preceding this research. The Tompkinsville and Richmond 
sites also contained clover as a companion forage species, predominately white clover 
(Trifolium repens L.), while clover was absent at Lawrenceburg. Historically, the sites at 
Lawrenceburg and Tompkinsville were beef cattle pastures, while Richmond was clipped 
for a spring hay cutting and then grazed throughout the remainder of the season. All 
locations were grazed throughout the year depending on the management system and 
forage needs of the livestock producers who cooperated with this project. However, cattle 
were restricted from the study area beginning in April 2009 and 2010 before tall fescue 
initiated active growth until forage yields and weed biomass could be determined (Table 
1). After biomass data was collected cattle were again allowed access to the study areas 
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to freely graze desirable forages and forbs and remove excess biomass before the 
beginning of the next season.   
Treatments consisted of mowing, herbicide, and fertilizer alone and in all 
combinations including a nontreated control. The experimental design was a three-way 
factorial with 8 treatments and 4 replications; each plot was 6 m by 15 m.  Treatments 
allocated to mowing were clipped to a height of 10 to 15 cm in midsummer of 2008 and 
2009 before tall ironweed flowered (Table 1). Clipped biomass remained in the plots. The 
herbicide treatment was a formulated mixture of aminopyralid at 115 g ae ha-1 plus 2,4-D 
at 1 kg ae ha-1 and was applied at all locations in August 2008 that coincided with tall 
ironweed flowering (Table 1). Treatments containing herbicide at the Tompkinsville site 
received an additional treatment of a formulated mixture of 627 g ae ha-1 triclopyr plus 
201 g ae ha-1 fluroxypyr in September 2009 to control encroaching woody plants. The 
other treatments did not receive this application since the introduction of herbicide into 
the control and mowing or fertilizer containing treatments was not desired. Tall ironweed 
had senesced before the application of the triclopyr plus fluroxypyr. The fertilizer 
treatment consisted of 56 kg ha-1 N (as ammonium nitrate) applied at all sites in 
September of 2008 and 2009. Based on soil samples taken July 2008, the Lawrenceburg 
site additionally received 90 kg ha-1 P2O5 and Richmond received 100 kg ha-1 K2O in 
accordance with University of Kentucky soil test recommendations for tall fescue 
pastures (Table 1) (Anonymous 2008). 
 Weed Populations. Weed population data were collected at each site from three 
subsamples per plot using a 1 m2 quadrat placed at predetermined locations within the 
middle of each plot. Populations were sampled from the same quadrat placement in the 
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summer of 2008, 2009, and 2010. Population data were determined from individual plant 
stem counts at ground level of species that were common at each site. Tall ironweed 
population was determined at all locations while Lawrenceburg was also evaluated for 
tall goldenrod and Richmond for Carolina horsenettle and smooth groundcherry (Physalis 
subglabrata Mackenz. & Bush). 
Biomass. Forage and weed biomass samples were collected at each site by harvesting 
three 0.5 m2 subsamples per plot at predetermined locations within the middle of each 
plot. In 2010 subsamples were moved 1 m from the original placement to prevent a 
harvesting effect on treatments. Biomass samples were separated into desirable cool-
season forage grasses, clovers, tall ironweed, and other weeds immediately following 
collection. The separated biomass samples were dried at 35 C for 72 h and dry matter 
determined for each component.  
Statistical Analysis.  All data were subjected to analysis of variance using PROC GLM 
in SAS. Mean separations were done using Fisher's protected LSD at the p=0.05 level. 
Initial analysis of data revealed treatment by location and treatment by year interactions; 
therefore, data from each site were analyzed separately. Weed population data collected 
each year were square root transformed before analysis with means of non-transformed 
data presented for individual treatments. Forage and weed biomass data were combined 
across weed management strategies to evaluate main effects among mowing, herbicide, 
and fertilizer in the absence of interactions. Data for individual treatments collected in 
spring 2009 and spring 2010 at each location were also analyzed by each year, and 
combined across years.   
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Results and Discussion 
Weed Populations.   Population differences did not exist among treatments for tall 
ironweed at Lawrenceburg, Tompkinsville, or Richmond when the experiment was 
established in 2008. Tall ironweed populations averaged 22 stems 10 m-2 at 
Lawrenceburg, 5 stems 10 m-2 at Tompkinsville, and 61 stems 10 m-2 at Richmond.  
Tall ironweed population densities at Lawrenceburg in 2009 were greatest in the 
control, fertilizer alone, and mowing plus fertilizer treatments, while herbicide alone had 
the least tall ironweed density (Table 2). Mowing alone provided a 64% reduction in tall 
ironweed stems compared to the control. These results were similar to those of Grekul 
and Bork (2007) who reported a 55% reduction in Canada thistle populations after one 
year of mowing.  All herbicide treatments provided a 64 to 89% reduction in tall 
ironweed stems compared with the nontreated control which were comparable to results 
of Payne et al. (2010) who reported 70 and 81% reduction in tall ironweed with 
aminopyralid and aminopyralid + 2,4-D, respectively. Tall ironweed population density 
was not reduced by fall fertilizer alone, which differed from Grekul and Bork (2007) who 
reported a decrease in Canada thistle density with spring fertilization of a Kentucky 
bluegrass and smooth bromegrass pasture.  No differences in tall ironweed population 
density were detected in 2010 among any treatments at Lawrenceburg.  
At Tompkinsville the tall ironweed population density were greatest in the 
control, mowing alone, fertilizer alone and mowing plus fertilizer treatments in 2009 
(Table 2). Tall ironweed population density was similar for all herbicide and mowing 
treatments, and herbicide treatments decreased tall ironweed stems by 77 to 87% in 2009. 
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Similar to Lawrenceburg in 2010, no differences in tall ironweed stems were detected 
among any of the treatments at Tompkinsville in 2010. 
Tall ironweed population density at Richmond were lowest in all herbicide 
treatments in 2009 (Table 2), but herbicide alone was not different from the control. The 
control, mowing alone, and fertilizer alone had stem populations that were similar and 
generally were greater than other treatments. Mowing plus herbicide and herbicide plus 
fertilizer treatments had the lowest tall ironweed populations in 2010 while fertilizer 
alone had the greatest population density. Mowing alone or in combination with fertilizer 
did not influence tall ironweed stem counts. These results were similar to those of 
McCarty and Linscott (1962) whereby western ironweed stems were not reduced by 
annual mowing.  
Population density of tall goldenrod at Lawrenceburg, or smooth groundcherry 
and Carolina horsenettle at Richmond did not differ among treatments when the 
experiment was established in 2008 (data not shown). Tall goldenrod averaged 42 stems 
10 m-2, smooth groundcherry averaged 5 stems 10 m-2, and Carolina horsenettle weed 
populations averaged 86 stems 10 m-2.  Tall goldenrod population density did differ 
among treatments in 2009 and were greater in the nontreated control compared to all 
other treatments. All herbicide treatments and mowing alone had the lowest tall 
goldenrod populations.  Herbicide treatments provided a 97 to 100% reduction in tall 
goldenrod at this site which was greater than that reported by Payne and Bradley (2010) 
where aminopyralid + 2,4-D reduced tall goldenrod by 76%.  Mowing alone provided 
89% reduction in population density.  The same trend was observed in 2010 in which tall 
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goldenrod was eliminated from all of the herbicide treatments and greatly reduced by 
mowing plus fertilizer.   
There were no differences among any treatments at Richmond for smooth 
groundcherry population densities in 2009 or 2010 (data not shown).  In addition, no 
differences existed among treatments for Carolina horsenettle population density in 2009, 
while none of the treatments differed from the control in 2010 (data not shown). 
Herbicide, alone or in combination with mowing, did not reduce Carolina horsenettle 
population density. Beeler et al. (2004) reported >80% Carolina horsenettle control with 
2,4-D and picloram in tall fescue and Tolson et al. (2009) reported >80% Carolina 
horsenettle control with a aminopyralid + 2,4-D combination in an orchardgrass (Dactylis 
glomerata L.) hayfield.   
Biomass. Forage grass and weed biomass were analyzed for main treatment effects of 
mowing, herbicide, and fertilizer. Analysis of the main factors indicated no three-way 
interactions among mowing by herbicide by fertilizer at the 0.05 level of significance. 
However, a mowing by herbicide interaction was significant for forage grass biomass at 
Lawrenceburg and Richmond, but not with mowing by fertilizer or herbicide by fertilizer. 
No two-way interactions were found for weed biomass allowing the main effects of 
mowing, herbicide, and fertilizer to be pooled across all similar treatments and compared. 
Forage grass biomass was not different for treatments with or without herbicide 
when mowed at Lawrenceburg, but in the absence of mowing treatments with herbicide 
had a greater forage biomass than treatments without herbicide (Table 3). There was also 
no difference in biomass for treatments with or without mowing when herbicide was 
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applied, but in the absence of herbicide, mowing had a greater forage biomass than 
treatments that were not mowed. In the absence of herbicide or mowing, it appeared that 
competition from tall ironweed and tall goldenrod biomass reduced forage grass biomass. 
At Tompkinsville forage grass biomass was greater for treatments with herbicide 
compared to treatments without herbicide regardless of mowing. Whereas, at Richmond 
mowed treatments with herbicide were greater than treatments without herbicide, while 
there were no differences in treatments without mowing regardless of herbicide 
treatment. There were no differences in treatments with herbicide regardless of mowing, 
however, treatments without herbicide had less forage grass biomass when mowed 
compared to treatments that were not mowed. This effect could be from a combination of 
clover and weedy forbs competing with forage grasses following mowing. Forage grasses 
maintained a competitive advantage without mowing. When pooled across all mowing 
and herbicide treatments, forage grass biomass was increased by all treatments with 
fertilizer at all locations (data not shown) which was similar to reports by Schwab and 
Piersawl (2010).   
When pooled across other management factors, herbicide reduced clover, tall 
ironweed, and total weed biomass at each location (data not shown). Tall ironweed and 
weed biomass were not reduced when comparing all treatments with mowing to all 
treatments without mowing or when comparing treatments with and without fertilizer at 
any location. These results were similar to Marshall et al. (2006) and Payne et al. (2010) 
who reported that herbicide reduced tall ironweed biomass, and McCarty and Linscott 
(1963) who reported a decrease in western ironweed growth following mowing. These 
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results differed from Grekul and Bork (2007) who reported an increase in Canada thistle 
biomass after spring fertilization.  
For individual treatments, biomass data were analyzed by year and combined 
across both years to illustrate year to year trends that were not evident when combined, as 
well as the trends across both years. Biomass was greater in 2009 compared with 2010 
and this was attributed to greater precipitation and lower temperatures in 2009. 
Temperatures in 2009 were 2.6, 0.8, and 1.8 C lower in April, May, and June, 
respectively, than in 2010.  Rainfall was 37 and 41 mm greater in April and June, 
respectively, in 2009 than in 2010 while rainfall in May was similar both years.   
Treatments of mowing plus fertilizer, herbicide plus fertilizer, and mowing plus 
herbicide plus fertilizer had the greatest forage grass biomass at Lawrenceburg in 2009 
(Table 4). There were no differences among mowing alone, mowing plus herbicide, and 
the control, which were the lowest yielding treatments in 2009.  Herbicide plus fertilizer 
and mowing plus herbicide plus fertilizer treatments also had the greatest forage grass 
biomass in 2010, while the control also had the lowest yield in 2010. There were no 
differences among the mowing alone, herbicide alone, and fertilizer alone treatments.  
The herbicide plus fertilizer and mowing plus herbicide plus fertilizer treatments 
consistently had the greatest forage grass biomass in 2009, 2010, and for the combined 
data, and increases ranged from 162 to 225% above the control. These results were 
similar to increases in forage reported by Reece and Wilson (1983) in a Kentucky 
bluegrass pasture and for Bork et al. (2007) who reported pasture yield increased with 
fertilizer and herbicide combinations in a mixed species pasture. 
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The herbicide alone, herbicide plus fertilizer, and mowing plus herbicide plus 
fertilizer treatments produced the greatest forage grass biomass in 2009 at Tompkinsville 
(Table 4). Mowing alone, fertilizer alone, mowing plus herbicide, and mowing plus 
fertilizer treatments were not different, and except for mowing plus herbicide were not 
different from the control. All herbicide treatments had the greatest forage grass biomass 
yields in 2010 at Tompkinsville, which was the result of decreased competition from 
clover and weed biomass. No differences in forage grass biomass existed among the 
control, mowing alone, fertilizer alone, or mowing plus fertilizer treatments. The mowing 
plus herbicide plus fertilizer and herbicide plus fertilizer treatments had the greatest 
forage grass biomass when data were combined for both years, and herbicide plus 
fertilizer was not different from herbicide alone. The mowing alone, fertilizer alone, and 
mowing plus fertilizer treatments were not different from the control, and had the lowest 
forage grass yield. 
Forage grass biomass ranged from 1190 to 1790 kg ha-1in 2009 at Richmond, but 
no differences existed among any treatments (Table 4). There were no differences in 
forage grass biomass between the control and any treatment in 2010 except for mowing 
alone.  The same trend was evident in the combined 2009 and 2010 data with mowing 
alone being the only treatment different from the control. Mowing alone treatments had 
the least forage grass yield in 2010 and for both years combined and was attributed to the 
additional forage biomass removed when hay was harvested in the spring at the 
Richmond site.  Furthermore, there was a greater opportunity for weedy forb species to 
occupy open spaces following the mowing treatment. 
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Clover was eliminated by all herbicide containing treatments in 2009 at 
Tompkinsville, and no differences existed among all other treatments (Table 5). Clover 
was also eliminated by all herbicide treatments in 2010 due to the second herbicide 
application in 2009 (Table 1). The mowing alone, fertilizer alone, and mowing plus 
fertilizer treatments had the greatest clover biomass at 820, 570, and 750 kg ha-1, 
respectively, with fertilizer alone also being similar to the nontreated control.  
All herbicide containing treatments eliminated clover biomass in 2009 at 
Richmond, and no differences existed among the remaining treatments. All treatments 
contained clover in 2010 and were not different from the control (Table 5). Except for 
mowing plus herbicide plus fertilizer, all other treatments that included mowing had the 
greatest clover yield, possibly from less competition of the forage grasses following 
mowing. There were no differences in clover yields when individual treatments were 
compared with the control in the combined data.  Mowing alone, mowing plus fertilizer, 
and mowing plus herbicide treatments had the greatest clover biomass and this was 
attributed to an increase in light interception from the removal of forage grass biomass 
(Brougham 1962). The removal of clover by herbicides is often cited by producers for not 
including herbicides in pasture weed control programs. However, at this location the 
single aminopyralid + 2,4-D treatment in 2008 allowed clover to reestablish in 2010 from 
seeds in the soil seed bank; thus, no treatments were different from the control.  
Weed biomass was reduced by all herbicide treatments in 2009 at Lawrenceburg, 
with no differences existing among the remaining treatments (Table 6). The nontreated 
control had a higher weed biomass in 2010 at 730 kg ha-1, but no differences existed 
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among other treatments for total weed biomass. All herbicide treatments reduced the tall 
ironweed component of weed biomass measured in 2010, while mowing alone and 
fertilizer alone did not reduce tall ironweed biomass (data not shown). When years were 
combined, the control and fertilizer alone had the greatest weed biomass; while herbicide 
containing treatments produced from 75 to 88% less biomass compared to the control. 
Although yields of mowing alone and mowing plus fertilizer were similar to fertilizer 
alone, all mowing treatments also reduced weed biomass relative to the control. A 
reduction in weed biomass with mowing was consistent with the findings of McCarty and 
Linscott (1962) for western ironweed growth and with Grekul and Bork (2007) for 
Canada thistle biomass.   
All herbicide treatments at Tompkinsville reduced weed biomass in 2009, 2010, 
and for the combined data compared to the control, and provided a 61 to 96% reduction 
in weed biomass (Table 6). The control, fertilizer alone, and mowing plus fertilizer 
treatments had the greatest weed biomass for 2009, 2010, and when combined. Mowing 
alone provided a 35 to 58% reduction in weed biomass, and along with mowing plus 
herbicide and mowing plus herbicide plus fertilizer reduced weed biomass similar to 
results at Lawrenceburg after two years of annual mowing.  
At Richmond all herbicide treatments provided 84 to 94% reduction in total weed 
biomass in 2009 and 2010 (Table 6). Furthermore, tall ironweed biomass was reduced by 
all herbicide treatments in 2009 and 2010 (data not shown). The control and fertilizer 
alone treatments had the greatest weed biomass in 2009. Mowing alone and mowing plus 
fertilizer treatments provided a 54% and 71% reduction in weed biomass compared with 
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the control. In 2010, mowing alone had the greatest weed biomass, but when mowing 
was combined with herbicide or fertilizer or herbicide plus fertilizer weed biomass was 
lower. When years were combined all herbicide treatments had the lowest weed biomass, 
while the control, mowing alone, and fertilizer alone treatments had the greatest. Mowing 
plus herbicide and mowing plus herbicide plus fertilizer treatments provided a 73% or 
greater reduction in weed biomass in 2009, 2010, and both years combined.   
These results indicate that the type of weed management strategy used can impact 
perennial weed populations, weed biomass and forage yield in grazed tall fescue pastures.  
In general, treatments containing aminopyralid + 2,4-D were superior to mowing 
treatments without herbicide at reducing tall ironweed populations at all locations in 
2009, the first year after treatments were initiated.  Similarly, all herbicide containing 
treatments and mowing alone reduced tall goldenrod while Carolina horsenettle and 
smooth groundcherry populations were not altered.  It was more difficult to detect 
differences in tall ironweed populations among treatments the second year with greater 
variability in stem counts within individual treatments (Table 2).  This could indicate a 
possible resurgence of tall ironweed plants occurred within some treatments in 2010.   
Total weed biomass including tall ironweed biomass (data not shown) was 
reduced by treatments containing herbicide both years.  When combined across other 
factors weed biomass was not reduced when comparing all treatments with mowing to all 
treatments without mowing.  However, mowing plus herbicide and mowing plus 
herbicide plus fertilizer decreased weed biomass compared to the untreated control at all 
locations and with mowing alone at two of the three sites.  Treatments that included 
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fertilizer applied in the fall had no impact on weed populations and fertilizer alone did 
not increase weed biomass. 
Maximum forage grass biomass at all locations was provided by herbicide plus 
fertilizer and mowing plus herbicide plus fertilizer treatments and along with fertilizer 
alone was greater than the control at two locations when years were combined.   This 
indicated that the fall applied nitrogen remained in the soil to increase tall fescue biomass 
the following spring.  The main effects of mowing and herbicide on forage grass yield 
varied among the three locations.  Clover was eliminated in 2009 by all treatments with 
aminopyralid + 2,4-D at Tompkinsville and Richmond.  Clover biomass was also 
eliminated in herbicide containing treatments at Tompkinsville in 2010 following a 
second herbicide application at this site in 2009.   Whereas, clover biomass at Richmond 
in 2010 was equivalent to the control for all herbicide containing treatments indicating 
that clover had reestablished naturally from the soil seed bank.  Aminopyralid + 2,4-D 
was applied only in 2008 at the Richmond site.  This was an important outcome since 
clover is often considered a desirable companion species in tall fescue pastures and often 
limits herbicide use in pastures interseeded with legumes. 
Overall, management strategies that included aminopyralid + 2,4-D provided the 
greatest benefit in reducing tall ironweed populations and weed biomass.  Mowing had no 
effect on weed populations but did reduce weed biomass and has the potential to reduce 
weed seed production.  Fall fertilization did not influence weed populations or weed 
biomass, but did improve forage yields.  Further research is needed under various grazing 
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intensities and management systems to better understand their influence on weed 
management strategies.   
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Table 1.1. Dates of mowing, herbicide, and fertilizer treatment applications, weed 
population measurements, and biomass harvest at research sites.  
Activity Lawrenceburg Tompkinsville Richmond 
 
Mowing 
 
July 17, 2008 
August 5, 2009 
 
 
July 22, 2008 
July 30, 2009 
 
July 15, 2008 
August 6, 2009 
Herbicide August 28, 2008 August 21, 2008 
September 8, 2009 
 
August 18, 2008 
Fertilizer September 2, 2008 
September 11, 
2009 
 
September 9, 2008 
September 1, 2009 
September 11, 2008 
September  10, 2009 
Weed 
Populations 
July 17, 2008 
September 11, 
2009 
July 22, 2010 
 
July 22, 2008 
September 1, 2009 
July 15, 2010 
July 15, 2008 
September 10, 2009 
July 28, 2010 
Biomass 
Harvest 
 
June 10, 2009 
May 27, 2010 
May 19, 2009 
May 18, 2010 
June 2, 2009 
June 2, 2010 
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Table 1.2. Tall ironweed population density at Lawrenceburg, Tompkinsville, and Richmond in 2009 and 2010.  
       Lawrenceburg     .     Tompkinsville     .      Richmond     . 
Treatment 2009 2010 2009 2010 2009 2010 
 ——————————————— stems 10 m-2————————————————— 
Nontreated 9.2 aa 10.8 a 7.5 ab 7.5 a 29.1 ab 45.8 ab 
Mowing (Mow) 3.3 bc 5 a 4.2 abc 7.5 a 37.5 a 47.5 ab 
Herbicide (Herb) 1 c 0 a 1 c 0 a 10 bc 25.8 bc 
Fertilizer (Fert) 6.7 ab 11.6 a 8.3 a 17.5 a 46.6 a 67.5 a 
Mow + Herb 1.7 bc 2.5 a 1 c 5.8 a 4.2 c 6.7 c 
Mow + Fert 5.8 abc 6.7 a 4.2 abc 2.5 a 14.1 bc 56.6 ab 
Herb + Fert 3.3 bc 1.7 a 1.7 bc 3.3 a 3.3 c 10 c 
Mow + Herb + Fert 1.7 bc 1 a 1 c 2.5 a 4.2 c 15 bc 
LSD (0.05) 5.7 NS 5.7 NS 19.3 34.5 
P-values 0.0271 0.1290 0.0452 0.0986 0.0001 0.0001 
aMeans within a column followed by the same letter are not different according to Fisher’s Protected LSD at p < 0.05. 
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Table 1.3. Effect of mowing and herbicide on forage grass biomass yields at 
Lawrenceburg, Tompkinsville, and Richmond. Data combined for 2009 and 
2010 and pooled across fertilizer treatments.  
       Factor Mowing-Yes Mowing-No 
 ——————— kg ha-1 —————— 
Lawrenceburg   
      Herbicide-Yes 3810 Aaab 3930 Aa 
      Herbicide-No 3370 Aa 2300 Bb 
Tompkinsville   
      Herbicide-Yes 3640 Aa 3750 Aa 
      Herbicide-No 2110 Ba 1990 Ba 
Richmond   
      Herbicide-Yes 3200Aa 3340 Aa 
      Herbicide-No 2490 Bb 3510 Aa 
 
a For each location means within a column followed by the same uppercase 
letter are not different at P < 0.05. 
b For each location means within a row followed by same lowercase letter 
are not different at P < 0.05.  
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Table 1.4. Forage grass biomass for 2009, 2010, and years combined at Lawrenceburg, Tompkinsville, and Richmond. 
aMeans within a column followed by the same letter are not different according to Fisher’s Protected LSD at p < 0.05. 
  
           Lawrenceburg           . 
 
             Tompkinsville               . 
 
              Richmond                    . 
Treatment 2009 2010 Combined 2009 2010 Combined 2009 2010 Combined 
 ———————————————————— kg ha-1——————————————————— 
Nontreated 1060 da 600 f 1660 c 830 c 930 b 1760 e 1790 a 1810 abc 3340 ab 
Mowing (Mow) 1670 cd 1000 e 2680 b 1300 bc 820 b 2120 e 1190 a  970 d 2160 c 
Herbicide (Herb) 1870 bc 1200 de 3070 b 1970 a 1570 a 3540 bc 1220 a 1810 abc 3030 ab 
Fertilizer (Fert) 1980 bc 950 e 2930 b 1200 bc 1020 b 2210 de 1440 a 2240 a 3680 a 
Mow + Herb 1540 cd 1350 cd 2890 b 1380 b 1580 a 2960 cd 1320 a 1700 bc 3010 ab 
Mow + Fert 2490 ab 1570 bc 4068 a 1150 bc 940 b 2100 e 1470 a 1360 cd 2830 bc 
Herb + Fert 2970 a 1820 ab 4790 a 1950 a 2010 a 3960 ab 1580 a 2060 ab 3640 a 
Mow + Herb + Fert 2780 a 1950 a 4720 a 2370 a 1950 a 4330 a 1560 a 1820 abc 3380 ab 
LSD (0.05) 640 340 790 510 580 780 NS 530 710 
P-values 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.3713 0.0002 0.0028 
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Table 1.5. Clover biomass for 2009, 2010, and years combined at Tompkinsville and Richmond.  
               Tompkinsville              .                           
 
                    Richmond                   . 
Treatment 2009 2010 Combined 2009 2010 Combined 
 ———————————————————— kg ha-1————————————————— 
Nontreated 80 aa 440 b 520 b 60 a 460 abc 520 abcd 
Mowing (Mow) 110 a 820 a 930 a 30 a 770 a 800 ab 
Herbicide (Herb) 0 b 0 c 0 c 0 b 250 c 250 d 
Fertilizer (Fert) 120 a 570 ab 690 ab 50 a 430 bc 490 bcd 
Mow + Herb 0 b 0 c 0 c 0 b 630 a 630 abc 
Mow + Fert 80 a 750 a 820 ab 60 a 750 a 810 a 
Herb + Fert 0 b 0 c 0 c 0 b 370 bc 370 cd 
Mow + Herb + Fert 0 b 0 c 0 c 0 b 310 c 310 d 
LSD (0.05) 70 280 330 50 330 320 
P-values 0.0001 0.0001 0.0001 0.0001 0.0074 0.0027 
aMeans within a column followed by the same letter are not different according to Fisher’s Protected LSD at p < 0.05.
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Table 1.6. Weed biomass for 2009, 2010, and years combined at Lawrenceburg, Tompkinsville, and Richmond.  
aMeans within a column followed by the same letter are not different according to Fisher’s Protected LSD at p < 0.05
         Lawrenceburg         .         Tompkinsville         .          Richmond          . 
 2009 2010 Combined 2009 2010 Combined 2009 2010 Combined 
 —————————————————— kg ha-1————————————————————— 
Nontreated 650 aa 730 a 1380 a 550 ab 570 a 1120 a 480 a 190 bc 650 a 
Mowing (Mow) 600 a 220 b 820 b 360 b 240 bc 610 b 220 b 390 a 620 a 
Herbicide (Herb) 200 b 140 b 340 c 20 c 120 c 140 c 30 c 50 cd   80 c 
Fertilizer (Fert) 690 a 370 b 1060 ab 480 ab 550 a 1020 a 410 a 180 bcd 590 a 
Mow + Herb 120 b 50 b 170 c 10 c 220 bc 230 bc 50 c 50 cd 100 c 
Mow + Fert 710 a 250 b 960 b 660 a 480 ab 1140 a 140 bc 200 b 340 b 
Herb + Fert 170 b 110 b 270 c 30 c 80 c 110 c 50 c 30 d   80 c 
Mow + Herb + Fert 90 b 80 b 170 c 30 c 30 c 60 c 30 c 30 d   60 c 
LSD (0.05) 220 340 370 230 290 400 160 160 200 
P-values 0.0001 0.0036 0.0001 0.0001 0.0008 0.0001 0.0001 0.0001 0.0001 
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Chapter 2: The Impact of Beef Cattle Grazing on the Effectiveness of Integrated 
Management Strategies on Weed Populations and Biomass and Pasture 
Productivity in Tall Fescue (Lolium arundinaceum) Pastures 
Abstract 
Field studies examined the effect of grazing on the management strategies of 
mowing, herbicide, fertility, and all possible combinations on weed populations, weed 
biomass, and pasture yield at two Kentucky locations. Beef cattle were excluded from 
half of the study area at the time tall fescue growth initiation stage began until biomass 
was collected in 2009 and 2010. Mowing was performed in July 2008 and 2009, 
herbicide applied in August 2008, and fertilizer applied in September 2008 and 2009 at 
all locations. Weed populations were measured in 2008, 2009, and 2010, and forage 
grass, clover, and weed biomass collected in May or early June of 2009 and 2010. Two 
years of grazing did not statistically reduce any of the weed populations that were 
evaluated. Herbicide containing treatments reduced the biomass of tall ironweed, tall 
goldenrod, and annual marshelder at one location but increased the biomass of horseweed 
at the second location. Grazing reduced forage grass biomass at only one location, while 
clover biomass was only reduced by grazing at one location in one year. Total weed 
biomass was reduced by grazing at both locations in both years. Herbicide treatments 
increased forage grass biomass at both locations in 2010, and fertilizer treatments 
increased forage grass biomass at one location in 2009 and at both locations in 2010. 
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Clover biomass was reduced by herbicide treatments at one location in 2009, and was 
increased by mowing in 2010. A grazing by herbicide interaction occurred for total weed 
biomass at both locations in 2009 and 2010 due to a reduction of weed biomass from 
grazing and herbicide treatments.     
Nomenclature: Tall fescue, tall ironweed (Vernonia altissima Nutt.) VENAL, tall 
goldenrod (Solidago canadensis L. var. scabra Torr. & Gray) SOOAL, annual 
marshelder ( Iva annua L.) IVAAN, horseweed (Conyza canadensis L.) ERICA 
Key Words: aminopyralid, 2,4-D, fertilizer, forages, mowing, tall ironweed. 
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Introduction 
Beef cattle are an important component of agricultural production and sales in 
Kentucky and the surrounding region, and are often raised on land not suitable for field 
crops. Kentucky was estimated to have 1.1 million beef cattle in 2007, with the majority 
of farms having between 10 and 99 head of cattle (USDA Census 2007). These farm 
herds are primarily fed and maintained on tall fescue pasture the majority of the year.  
Tall fescue is a cool-season grass grown for pasture within the temperate zone of 
the United States. It is grown on approximately 2.5 million hectares in Kentucky 
producing 2200 to 4500 kg per hectare of forage every year, and is used extensively for 
hay and forage production for beef cattle and other livestock enterprises (Lacefield et al. 
2003). Tall fescue exhibits a typical cool-season growth pattern with the majority of its 
growth and flowering occurring in the spring (Balasko and Nelson 2003). This peak 
growth period is followed by a later growth period in the fall consisting of elongated 
leaves, which allow tall fescue to be stockpiled for late fall grazing (Volenec and Nelson 
2003).    
Tall ironweed (Vernonia altissima Nutt.) and Carolina horsenettle (Solanum 
carolinense L.) are native warm-season perennials (Bryson and DeFelice 2009) 
commonly found in over-grazed beef cattle pastures and are among the most troublesome 
pasture weeds in Kentucky (Webster 2008). Tall ironweed and Carolina horsenettle are 
not grazed by cattle and over time will increase in population and reduce forage quantity 
(Marshall et al 2006; Payne et al. 2010).  
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Over grazed and neglected pastures are renovated when producers believe that 
optimum yield is no longer being obtained and that increases in pasture yield would 
outweigh the cost of renovation (Brink et al. 2010). Brink et al. (2010) reported that two 
years after a complete renovation, the forage yield in improved pastures was greater than 
forage yield in the unimproved pastures. Koch et al. (1987) reported that the greatest 
pasture improvement was the addition of legumes to the pasture sward which increased 
digestible dry matter and crude protein. Brummer and Moore (2000) found that after 
evaluating several legume and grass cultivars under continuous grazing that white clover 
and kura clover were the only legumes that did not decrease in stand after two years of 
intensive grazing and that orchardgrass and tall fescue were the only grass species to 
persist relatively well. 
While several studies have evaluated the renovation and weed control methods of 
mowing, herbicide, and fertilizer on pasture productivity (Beck and Sebastian 2000; Bork 
et al. 2007; Funderburg and Biermacher 2010; Grekul and Bork 2007; Linscott and 
McCarty 1962; MacDonald et al. 1994; McCarty and Linscott 1962; Stoll et al. 1998), 
few studies have evaluated the effect of all these methods on grazing. Therefore, the 
objective of this study was to evaluate the effect of mowing, herbicide, and fertilizer, 
alone and in all possible combinations on weed populations and forage biomass under 
grazed and ungrazed conditions.  
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Materials & Methods 
Site Description. Research was conducted from 2008 to 2010 in pastures near 
Lawrenceburg (38°3’39”N 84°53’57”W) and Tompkinsville (36°40’33”N 85°41’7”W), 
Kentucky. All sites were on producer operated beef cattle farms with tall fescue as the 
dominant cool-season grass. Tall ironweed (Vernonia altissima Nutt.) was common at all 
sites and mowing was the primary weed control tactic implemented at these locations in 
the years preceding this research. The Tompkinsville site also contained clover as a 
companion forage species, predominately white clover (Trifolium repens L.), while 
clover was absent at Lawrenceburg. Historically, the sites at Lawrenceburg and 
Tompkinsville were beef cattle pastures. All locations were grazed throughout the year 
depending on the management system and forage needs of the livestock producers who 
cooperated with this project.  
Treatments consisted of mowing, herbicide, and fertilizer alone and in all 
combinations including an untreated control. The experimental design was a three-way 
factorial with 8 treatments and 4 replications; each plot was 6 m by 15 m.  Treatments 
allocated to mowing were clipped to a height of 10 to 15 cm in midsummer of 2008 and 
2009 before tall ironweed flowered (Table 2.1). Clipped biomass remained in the plots. 
The herbicide treatment was a formulated mixture of aminopyralid at 115 g ae ha-1 plus 
2,4-D at 1 kg ae ha-1 and was applied at all locations in August 2008 which coincided 
with tall ironweed flowering (Table 2.1). Treatments containing herbicide at the 
Tompkinsville site received an additional treatment of a formulated mixture of 627 g ae 
ha-1 triclopyr plus 201 g ae ha-1 fluroxypyr in September 2009 to control encroaching 
woody plants. The other treatments did not receive this application since the introduction 
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of herbicide into the control and mowing or fertilizer containing treatments was not 
desired. Tall ironweed had senesced before the application of the triclopyr plus 
fluroxypyr. The fertilizer treatment consisted of 56 kg ha-1 N (as ammonium nitrate) 
applied at all sites in September of 2008 and 2009. Based on soil samples taken July 2008 
the Lawrenceburg site additionally received 90 kg ha-1 P2O5 in accordance with 
University of Kentucky soil test recommendations for tall fescue pastures (Table 2.1) 
(Anonymous 2008). 
 Weed Populations. Weed population data were collected at each site from three 
subsamples per plot using a 1 m2 quadrat placed at predetermined locations within the 
middle of each plot. Populations were sampled from the same quadrat placement in the 
summer of 2008, 2009, and 2010. Population data were determined from individual plant 
stem counts at ground level of species that were common at each site. Tall ironweed 
population was determined at all locations while Lawrenceburg was also evaluated for 
tall goldenrod (Solidago canadensis L. var. scabra Torr. & Gray) and annual marshelder 
(Iva annua), Tompkinsville for common ragweed and horseweed (Conyza canadensis). 
Weed population data were also collected from each site using a 9 m line transect 
placed through the center of each plot with observations taken at every 0.3 m. 
Populations were sampled from the same line transect placement in 2008, 2009, and 
2010, at each location. Tall ironweed, tall goldenrod, tick clover (Desmodium spp.), 
common ragweed, annual marshelder, trumpet creeper (Campsis radicans L.), buck brush 
(Ceanothus cuneatus Nutt.), poison ivy (Toxicodendron radicans L.), Philadelphia 
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fleabane (Erigeron philadelphicus L.), multiflora rose (Rosa multiflora Thunb.), and 
common milkweed (Asclepias syriaca L.) populations were evaluated at Lawrenceburg.
Tall ironweed, Philadelphia fleabane, clover, tick trefoil, white heath aster 
(Symphyotrichum ericoides L.), bull thistle (Cirsium vlugare Ten.), horseweed, common 
ragweed, curly dock (Rumex crispus L.), blackberry (Rubus spp.), and multiflora rose 
were evaluated at Tompkinsville.  
Biomass. Beef cattle were excluded from half of the study area before initiation of tall 
fescue growth in the spring. Following biomass collection, cattle were allowed to graze 
the remaining vegetation until the next spring. Forage and weed biomass samples were 
collected at each site by harvesting three 0.5 m2 subsamples from both the grazed and 
non-grazed areas of each plot at predetermined locations within the middle of each plot. 
Subsamples were moved 1 m from the original placement in 2010 to prevent a harvesting 
effect on treatments. Biomass samples were separated into desirable cool-season forage 
grasses, clovers, tall ironweed, and other weeds immediately following collection. The 
separated biomass samples were dried at 35 C for 72 hours and dry matter determined for 
each component.  
Statistical Analysis.  All data were subjected to analysis of variance using PROC GLM 
in SAS at the p=0.05 level. Initial analysis of combined data revealed treatment by 
location interactions; therefore, data from each site were analyzed separately. Weed 
population data collected each year were square root transformed before analysis with 
actual means presented for individual treatments. Forage and weed biomass data were 
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combined across weed management strategies to evaluate main effects among mowing, 
herbicide, and fertilizer in the absence of interactions. Data for individual treatments 
collected in spring 2009 and spring 2010 at each location were also analyzed by each 
year, and combined across years.   
Results & Discussion 
Weed Populations. Tall ironweed populations from grazed and ungrazed areas did not 
differ when the study was initiated at Lawrenceburg and Tompkinsville in 2008. Grazing 
did not change tall ironweed populations in 2009 or 2010 at Lawrenceburg and 
Tompkinsville and was attributed to the lack of palatability of this plant to cattle (Table 
2.2).  
No differences in tall goldenrod or annual marshelder populations was observed 
between grazed and ungrazed areas in 2008 when the study was initiated at 
Lawrenceburg. (Table 2.2). Although there was a numerical decline in tall goldenrod and 
annual marshelder populations in 2009 compared to 2008, grazed areas compared to the 
ungrazed areas did not reduce tall goldenrod or annual marshelder populations in any 
year at Lawrenceburg. It was possible that grazing pressure was not intensive enough to 
reduce the populations of these weeds or that the weeds were not grazed. 
Common ragweed and horseweed populations at Tompkinsville were not reduced 
by grazing in 2009 or 2010 (Table 2.2.). However, tick clover populations were reduced 
by approximately 55% from grazing in 2010, but there was a grazing by herbicide 
interaction. Curly dock was not reduced by grazing in 2010.    
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Initial tall ironweed populations before treatments were implemented did not 
differ within each main factor evaluated at Lawrenceburg and Tompkinsville in 2008 , 
with tall ironweed populations averaging 20.8 and 4.3 stems 10 m2at Lawrenceburg and 
Tompkinsville, respectively. At Lawrenceburg in 2009 tall ironweed populations were 
reduced by treatments that contained mowing compared to treatments that were not 
mowed and treatments with herbicide compared to no herbicide (Table 2.3). There were 
no differences between fertilizer containing treatments and treatments without fertilizer. 
Mowing treatments did not reduce tall ironweed populations in 2010, but herbicide 
containing treatments continued to reduce tall ironweed. There were also no differences 
between treatments with and without fertilizer on tall ironweed populations in 2010. At 
Tompkinsville a mowing by herbicide interaction occurred with tall ironweed populations 
in 2009 and a mowing by fertilizer interaction occurred in 2010. There were no 
differences in tall ironweed populations from treatments with and without fertilizer in 
2009. In 2010, treatments with and without herbicide did not affect tall ironweed. In 
2009, tall ironweed populations were not affected by treatments with mowing and with 
herbicide relative to treatments without mowing and with herbicide (Table 2.4). 
Treatments with mowing and without herbicide reduced tall ironweed compared to 
treatments without mowing and without herbicide. There were no differences in tall 
ironweed populations in treatments with mowing and with and without herbicide. 
However, treatments without mowing and with herbicide reduced tall ironweed compared 
to treatments without mowing and without herbicide. Tall ironweed populations in 2010 
were reduced by treatments with mowing and with fertilizer compared to treatments 
without mowing and with fertilizer, while there was no difference in tall ironweed 
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between with and without mowing treatments with no fertilizer. There was no effect on 
tall ironweed with treatments containing mowing and with and without fertilizer, but tall 
ironweed populations in treatments without mowing and with fertilizer were greater than 
in treatments without mowing and without fertilizer. 
 Initial tall goldenrod and annual marshelder populations before treatments were 
implemented did not differ within each main factor evaluated at Lawrenceburg and in 
2008, with tall goldenrod and annual marshelder populations averaging 96.7 and 67.3 
stems 10 m2, respectively. The main effects of treatments with and without mowing and 
treatments with and without fertilizer did not reduce tall goldenrod populations in 2009, 
whereas herbicide containing treatments reduced tall goldenrod compared to treatments 
without herbicide (Table 2.3.). In 2010 mowing treatments reduced tall goldenrod 
compared to treatments without mowing, and herbicide containing treatments also 
reduced tall goldenrod populations. Treatments with and without fertilizer continued to 
have no effect on tall goldenrod. There were no differences between treatments with and 
without mowing on annual marshelder populations in 2009. However, treatments with 
herbicide reduced annual marshelder compared to treatments without herbicide, and no 
differences between treatments with and without fertilizer on annual marshelder.  
 Initial common ragweed and horseweed populations before treatments were 
implemented did not differ within each main factor evaluated at Tompkinsville in 2008, 
with common ragweed and horseweed populations averaging 4.1 and 26.4 stems 10 m2, 
respectively. At Tompkinsville there was a mowing by herbicide interaction present for 
common ragweed in 2009. Treatments with and without fertilizer did not affect common 
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ragweed populations in 2009 (Table 2.3). In 2010 there were no differences in common 
ragweed from treatments with and without mowing, herbicide, or fertilizer. Similarly, 
horseweed populations in 2009 were not affected by treatments with and without 
mowing, herbicide, or fertilizer. Treatments containing mowing did not reduce 
horseweed in 2010 compared to treatments without mowing. Herbicide containing 
treatments had a greater population of horseweed in 2010 compared to treatments without 
herbicide. This may have resulted from a decline in competition for space and nutrients 
with other weed species which had been reduced by herbicides in 2009. There were also 
no differences in horseweed populations from treatments with and without fertilizer.  
 Common ragweed populations were not affected by treatments with mowing and 
with herbicide compared to treatments without mowing and with herbicide in 2009 
(Table 2.4). Treatments with mowing and without herbicide reduced common ragweed 
compared to treatments without mowing and without herbicide. Common ragweed was 
reduced by treatments with mowing and with herbicide compared to treatments with 
mowing and without herbicide; populations were also reduced by treatments without 
mowing and with herbicide compared to treatments without mowing and without 
herbicide. 
When using the line transects method, grazing did not change the percent area of 
occurrence for tall ironweed, herbaceous weeds, or woody weeds in any year at either 
location except herbaceous plants in Lawrenceburg in 2010 (Table 2.5). This was most 
likely from a combination of low grazing pressure that did not adequately stress weeds 
and the presence of unpalatable weeds that were not grazed.   
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 The main effect of fertilizer did not change the area of tall ironweed coverage in 
any year at either location. Herbicide containing treatments reduced tall ironweed 
coverage at Tompkinsville in 2009, but mowing was not significant (data not shown). An 
herbicide by mowing interaction was present in tall ironweed for 2009 and 2010 at 
Lawrenceburg and 2010 at Tompkinsville. There was no difference in tall ironweed 
coverage when an herbicide was used regardless of mowing at Lawrenceburg in 2009 
(Table 2.6). However, in the absence of an herbicide mowing increased tall ironweed 
coverage, most likely from an increase in stems following mowing. Regardless of 
mowing, herbicide containing treatments reduced tall ironweed coverage compared to 
treatments without herbicides. In 2010 there was no difference in tall ironweed coverage 
in treatments with and without mowing regardless of herbicide. When treatments were 
not mowed herbicide containing treatments reduced tall ironweed coverage. Similarly, at 
Tompkinsville in 2010 there was no difference in tall ironweed coverage in treatments 
with and without mowing regardless of herbicide. However, herbicide reduced tall 
ironweed coverage regardless of mowing at this location.  
 Herbicide containing treatments reduced herbaceous weed coverage at 
Lawrenceburg in 2009, but mowing and fertilizer did not have an effect (Table 2.7). In 
2010 herbaceous weed coverage was reduced by herbicide and mowing treatments while 
fertilizer had no effect.  Herbicide also reduced herbaceous weed coverage at 
Tompkinsville in 2009. In 2010, fertilizer containing treatments had no effect on 
herbaceous weed coverage. An herbicide by mowing interaction occurred in 2010, in 
which mowing had no effect on herbaceous weed coverage regardless of herbicide 
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treatment. Herbaceous weed coverage was reduced in treatments with and without 
mowing when an herbicide treatment was used (data not shown). 
 Mowing, herbicide, and fertilizer treatments had no effect on woody plants in 
2009 at Lawrenceburg (Table 2.8). In 2010 herbicide containing treatments reduced 
woody weed coverage, while mowing and fertilizer had no effect. Herbicide treatments 
reduced woody plant coverage at Tompkinsville in 2009 and 2010, but mowing and 
fertilizer did not reduce coverage in any year at this location. 
 Grazing did not reduce the area of coverage for tick clover or clover at 
Lawrenceburg and Tompkinsville in 2009 or 2010 (Table 2.9). This would suggest that 
grazing intensity was not great enough to be detrimental or to alter pasture productivity of 
these species at these locations.  
 Tick clover coverage was reduced by herbicide and fertilizer containing 
treatments in 2009 and by all main effects in 2010 at Lawrenceburg (Table 2.10). Clover 
coverage at Tompkinsville was reduced by herbicide containing treatments in 2009, while 
mowing and fertilizer treatments had no effect. Fertilizer had no effect on clover in 2010, 
but there was an herbicide by mowing interaction. When an herbicide was used clover 
coverage was reduced compared to no herbicide but did not differ regardless of mowing, 
but when an herbicide was not used mowing increased clover coverage (data not shown).  
Biomass. Grazing did not affect desirable forage grass biomass at Lawrenceburg in 2009, 
2010, or combined and was attributed to low grazing intensity at this location (Table 
2.11). Forage grass biomass was consistently reduced by 67 to 78% from grazing at 
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Tompkinsville in 2009, 2010, and when combined, but an herbicide by grazing 
interaction was present in 2009 and when combined. While clover was absent at 
Lawrenceburg, clover biomass at Tompkinsville was only reduced by grazing in 2010 
and also had an herbicide by grazing interaction. Tall ironweed biomass was not reduced 
by grazing in 2009, 2010, or when combined at either location. Total weed biomass was 
reduced by grazing approximately 45 to 67% at Lawrenceburg and 81 to 83% at 
Tompkinsville in 2009, 2010, and when combined; however, an herbicide by grazing 
interaction occurred at both locations in 2009, 2010, and when combined. Total biomass 
at Lawrenceburg was not reduced by grazing in 2009, but was reduced by approximately 
23% in 2010. Total biomass was also reduced by 32% from grazing when combined, 
although a fertilizer by grazing interaction was present for this collection period. Grazing 
also reduced total biomass at Tompkinsville by 70 to 77% in 2009, 2010, and when 
combined with an herbicide by grazing interaction in 2009 and 2010 and a fertilizer by 
grazing interaction when combined. 
Forage grass biomass was 52% greater in treatments with fertilizer compared to 
treatments without fertilizer in 2009 at Lawrenceburg (Table 2.12). Mowing treatments 
produced a greater forage grass biomass in 2010 compared to treatments without 
mowing, similarly herbicide and fertilizer treatments had greater biomass than treatments 
without. Fertilizer containing treatments increased the combined forage grass biomass by 
45% compared with treatments without fertilizer. At Tompkinsville, forage grass biomass 
in 2009 was not changed by mowing, but biomass was increased 23% by fertilizer 
containing treatments. Mowing and fertilizer did not impact grass biomass, but biomass 
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was increased by 125% with herbicide treatments in 2010. When biomass data were 
combined for the two years mowing did not change grass biomass, but fertilizer 
treatments increased biomass. 
There were significant mowing by herbicide interactions at Lawrenceburg for 
forage grass biomass in 2009 and combined in 2009 (Table 2.13). There were no 
differences in forage grass biomass in 2009 when treatments with and without mowing 
and with herbicide were compared to treatments with and without mowing and without 
herbicide. There were also no differences among treatments that were mowed with and 
without herbicide, but treatments that were not mowed with herbicide had a 54% greater 
forage grass biomass than treatments that were not mowed without herbicide. When years 
were combined there were no differences among treatments with and without mowing 
and with herbicide. However, treatments with mowing and without herbicide were 
greater than treatments without mowing and without herbicide. There were no differences 
among treatments that were mowed with and without herbicide, but treatments that were 
not mowed with herbicide were greater than treatments without herbicide. In 2009 at 
Tompkinsville forage grass biomass was greater in treatments without grazing and with 
herbicide than in treatments with grazing and with herbicide; while treatments without 
grazing and without herbicide were greater than treatments with grazing and without 
herbicide. There were no differences in forage grass biomass in treatments that were 
grazed with and without herbicide, but treatments that were not grazed with herbicide 
were greater than treatments that were not grazed without herbicide. Results were similar 
when years were combined. Grazed treatments with herbicide had less forage grass 
biomass than ungrazed treatments with herbicide. Grazed treatments without herbicide 
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were also less than ungrazed treatments without herbicide. There were no differences in 
treatments that were grazed with and without herbicide, but treatments that were not 
grazed with herbicide were greater than treatments that were not grazed without 
herbicide. This would suggest that grazing significantly reduced forage grass biomass as 
would be expected, while herbicide treatments increased forage grass biomass in the 
absence of grazing. 
 At Tompkinsville clover biomass in 2009 was removed by herbicide containing 
treatments, but mowing and fertilizer containing treatments did not affect biomass (Table 
2.14). Clover biomass in 2010 was increased 62% by mowing treatments; however 
fertilizer treatments were not different. When data from years were combined, clover 
biomass was also reduced by herbicide treatments while mowing and fertilizer treatments 
did not change clover biomass. Clover biomass in 2010 was not different between 
treatments with grazing and with herbicide and treatments without grazing and with 
herbicide (Table 2.15). However, treatments without grazing and without herbicide had a 
greater clover biomass than treatments that had been grazed without herbicide. There 
were no differences between treatments that were grazed with and without herbicide, but 
treatments that were not grazed without herbicide were greater than treatments not grazed 
with herbicide. The application of herbicide containing treatments at Tompkinsville 
reduced or eliminated clover biomass irrespective of grazing, while grazing in the 
absence of herbicide reduced clover biomass.  
Tall ironweed biomass was reduced by herbicide containing treatments at 
Lawrenceburg in 2009, 2010, and combined (Table 2.16). Mowing and fertilizer 
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containing treatments did not affect tall ironweed biomass at any of the three collection 
times. In 2009 at Tompkinsville none of the main effects affected tall ironweed biomass. 
However, in 2010 mowing and herbicide containing treatments reduced tall ironweed, 
while fertilizer had no effect. When combined, herbicide treatments reduced tall 
ironweed biomass, while mowing and fertilizer had no effect. 
Total weed biomass was not reduced by the main effects of mowing or fertilizer in 2009 
at Lawrenceburg (Table 2.17). Treatments containing mowing reduced total weed 
biomass by 57% in 2010, while fertilizer had no effect on biomass. When years were 
combined there were no differences in total weed biomass from mowing or fertilizer. 
Mowing and fertilizer treatments did not affect total weed biomass at Tompkinsville in 
2009, 2010, or when combined. 
  Total weed biomass at Lawrenceburg in 2009 was not different in treatments with 
grazing and with herbicide compared to treatments without grazing and with herbicide; 
however treatments with grazing and without herbicide had reduced total weed biomass 
compared to treatments without grazing and without herbicide (Table 2.18). There were 
no differences in total weed biomass when treatments with grazing and with and without 
herbicide were compared, but total weed biomass was greater in treatments without 
grazing and without herbicide compared to treatments without grazing and with 
herbicide. At Lawrenceburg in 2010 there were no statistical differences among 
treatments with and without grazing and with and without herbicide, but when plotted an 
interaction was observed (Figure 1). When years were combined there were no 
differences between treatments with and without grazing and with herbicide, but 
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treatments without grazing and without herbicide were greater than treatments with 
grazing and without herbicide. There were no differences in treatments that were grazed 
with and without herbicide, but treatments that were not grazed without herbicide had a 
greater total weed biomass than treatments that were not grazed with herbicide. At 
Tompkinsville there were no differences in total weed biomass for treatments with and 
without grazing and with herbicide, but treatments without grazing and without herbicide 
had a greater total weed biomass than treatments with grazing and without herbicide. 
There were also no differences in grazed treatments with and without herbicide, but 
ungrazed treatments without herbicide had greater biomass than ungrazed treatments with 
herbicide. This trend in total weed biomass is also consistent in 2010 and when years are 
combined, and is most likely the result of high weed biomass in the plots without grazing 
and without herbicide that is greatly reduced by both grazing and herbicide. 
Fertilizer treatments increased total biomass in 2009 at Lawrenceburg compared 
to treatments without fertilizer (Table 2.19). Total biomass was not affected by mowing 
in 2010; however total biomass was increased by 20% with herbicide and by 27% with 
fertilizer treatments. When years were combined there were no differences with or 
without mowing, but herbicide increased total biomass. Total biomass was not affected 
by mowing treatments in 2009 at Tompkinsville, but fertilizer treatments increased total 
biomass by 23%. In 2010 mowing and fertilizer treatments produced no significant 
changes in total biomass, and when years were combined mowing and herbicide 
treatments also produced no significant changes. 
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Total biomass at Lawrenceburg in 2009 had no differences between treatments 
with and without mowing or with and without herbicide, but an interaction was observed 
when plotted (Figure 2). When years were combined total biomass at Lawrenceburg was 
greater in treatments without grazing and with fertilizer than treatments with grazing and 
with fertilizer, while no differences existed for treatments with and without grazing and 
without fertilizer (Table 2.20). Treatments that were grazed with and without fertilizer 
were not different while treatments without grazing and with fertilizer were greater than 
treatments without grazing and without fertilizer. At Tompkinsville total biomass in 2009 
was greater in treatments without grazing and with herbicide than treatments with grazing 
and with herbicide, and total biomass was also greater in treatments without grazing and 
without herbicide compared to treatments with grazing and without herbicide. There were 
no differences in treatments that were grazed with and without herbicide or treatments 
that were not grazed with and without herbicide. This trend is also present in 2010 and is 
possibly the result of grazing reducing total biomass more significantly than herbicide. 
When years are combined total biomass was greater in treatments without grazing and 
with fertilizer than in treatments with grazing and with fertilizer; treatments without 
grazing and without fertilizer were also greater than treatments with grazing and without 
fertilizer. There were no differences in total biomass when grazed with and without 
fertilizer or when ungrazed with and without fertilizer. Total biomass was also affected 
more by grazing than fertilizer treatments.  
Overall, beef cattle grazing did not reduce tall ironweed populations or biomass at 
either location in any year. Tall ironweed stems were reduced by herbicide treatments in 
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2009 and 2010 and by mowing in 2009 at Lawrenceburg. Tall ironweed biomass was 
reduced by herbicide treatments in 2009 at Lawrenceburg and in 2010 at both locations. 
Tall goldenrod and annual marshelder at Lawrenceburg were reduced by herbicide 
treatments, but not by grazing, while horseweed was reduced by herbicide treatment in 
2010 at Tompkinsville. Grazing at Tompkinsville in 2009 and 2010 reduced forage grass 
biomass, total weed biomass, and total biomass, and clover biomass was reduced in 2010. 
However, at Lawrenceburg total weed biomass was the only evaluated component to be 
reduced by grazing in 2009 and 2010 while total biomass was reduced in 2010. This was 
likely due to differences in landowner management where Tompkinsville had a greater 
stocking rate and grazing intensity throughout the study than Lawrenceburg. Forage grass 
biomass under grazing was increased by herbicide treatments in 2010 at all locations, 
while fertilizer treatments increased biomass in 2009 at both locations and 2010 at 
Lawrenceburg. Although clover was reduced by herbicide treatments in 2009, clover 
biomass was increased by mowing treatments in 2010 at Tompkinsville. There was a 
strong herbicide by grazing interaction for total weed biomass at all locations in all years, 
suggesting that in the absence of herbicide treatments grazing was reducing some weeds. 
The percent area of herbaceous weed coverage was also reduced by grazing in 2009 and 
2010 at Lawrenceburg and in 2009 at Tompkinsville. While grazing reduced the 
herbaceous weed coverage at some locations, further research is needed to evaluate the 
long-term effects of weed management strategies under grazing on tall ironweed and 
other herbaceous weed populations and forage production.
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Table 2.1. Dates of mowing, herbicide, and fertilizer treatment applications, weed 
population measurements, and biomass harvest at two Kentucky locations.  
Activity Lawrenceburg Tompkinsville 
Mowing 
July 17, 2008 
August 5, 2009 
July 22, 2008 
July 30, 2009 
Herbicide August 28, 2008 
August 21, 2008 
September 8, 2009 
Fertilizer 
September 2, 2008 
September 11, 2009 
September 9, 2008 
September 1, 2009 
Weed 
Populations 
July 17, 2008 
September 11, 2009 
July 22, 2010 
July 22, 2008 
September 1, 2009 
July 15, 2010 
 
Biomass 
Harvest 
 
June 10, 2009 
May 27, 2010 
May 19, 2009 
May 18, 2010 
 
  
55 
Table 2.2. The effect of grazing on weed stems at Lawrenceburg and Tompkinsville in 2009 and 2010. 
 
aFor each location means within a column followed by the same letter are not different at p < 0.05. 
*- Data not presented due to absence of this specie at time of counting 
Lawrenceburg      Tall Ironweed     .      Tall Goldenrod     .   Annual Marshelder   . 
 2009 2010 2009 2010 2009 2010 
 ———————————————————stems/10 m2——————————————————— 
Grazed-Yes 4.6 aa 8.7 a 4.4 a 1.4 a 14.6 a * 
Grazed-No 4.1 a 4.9 a 8.4 a 11.9 a 5.2 a * 
       
Tompkinsville      Tall Ironweed      .   Common Ragweed   .         Horseweed        . 
 2009 2010 2009 2010 2009 2010 
 ———————————————————stems/10 m2——————————————————— 
Grazed-Yes 2.7 a 4.6 a 5.7 a 4.6 a 4.3 a 4.9 a 
Grazed-No 3.5 a 5.8 a 1.7 a 0.4 a 1.8 a 0.9 a 
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Table 2.3. Main effects on weed stems in grazed pastures at Lawrenceburg and Tompkinsville in 2009 and 2010. 
Lawrenceburg      Tall Ironweed     .      Tall Goldenrod     .   Annual Marshelder  . 
 2009 2010 2009 2010 2009 2010 
 ——————————————————————stems/10 m2——————————————————— 
Mowing-Yes 2.7 ba 6.9 a 4.1 a 1.5 b 8.4 a * 
Mowing-No 5.9 a 6.8 a 8.7 a 11.8 a 11.4 a * 
Herbicide-Yes 1.6 b 2.8 b 0.2 b 0 b 0.3 b * 
 Herbicide-No 7.1 a 10.8 a 12.6 a 13.2 a 19.5 a * 
Fertilizer-Yes 4.8 a 7.5 a 4.9 a 4.2 a 7.0 a * 
Fertilizer-No 3.9 a 6.1 a 7.9 a 9.1 a 12.8 a * 
Tompkinsville      Tall Ironweed      .   Common Ragweed   .         Horseweed        . 
 2009 2010 2009 2010 2009 2010 
 ——————————————————————stems/10 m2——————————————————— 
Mowing-Yes ** ** ** 1.0 a 2.2 a 1.4 a 
Mowing-No ** ** ** 2.2 a 3.8 a 2.1 a 
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Table 2.3 (continued)
 
aFor each location means within a column for each main factor followed by the same letter are not different at p < 0.05. 
*- Data not presented due to absence of this specie at time of counting 
**- Data not presented due to interactions between the main effects
 
 
Herbicide-Yes ** 2.7 a ** 1.4 a 2.9 a 3.2 a 
Herbicide-No ** 4.0 a ** 1.8 a 3.1 a 0.4 b 
Fertilizer-Yes 2.9 a ** 4.0 a 1.5 a 3.2 a 1.7 a 
Fertilizer-No 3.3 a ** 3.4 a 1.6 a 2.8 a 1.8 a 
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Table 2.4. Main effect interactions in grazed pastures at Tompkinsville in 2009 and 2010. 
                      Tall Ironweed                     .    Common Ragweed   . 
         2009        .         2010         .         2009         . 
 Herbicide No Herbicide Fertilizer No Fertilizer Herbicide No Herbicide 
 ————————————————————stems/10 m2——————————————————— 
Mowing-Yes 0.4 Aaab 2.7 Ba 4.0 Ba 6.2 Aa 0 Ab 4.0 Ba 
Mowing-No 0.6 Ab 8.8 Aa 8.1 Aa 2.5 Ab 0.2 Ab 10.6 Aa 
 
a Means within a column followed by the same uppercase letter are not different at P < 0.05. 
b Means within a row followed by same lowercase letter are not different at P < 0.05.  
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Table 2.5. Effect of grazing on tall ironweed, herbaceous plants, and woody plants at Lawrenceburg and Tompkinsville in 2009 and 
2010. 
 
 
 
 
 
 
 
 
 
 
aFor each location means within a column followed by the same letter are not different at p < 0.05. 
 
    Tall Ironweed   .   Herbaceous Plants   .    Woody Plants    . 
 2009 2010 2009 2010 2009 2010 
Lawrenceburg ——————————————————% area—————————————————— 
Grazed-Yes 5 aa 8 a 7 a 46 a 6 a 5 a 
Grazed-No 3 a 5 a 7 a 34 b 3 a 4 a 
       
Tompkinsville       
Grazed-Yes 1 a 5 a 15 a 24 a 1 a 6 a 
Grazed-No 1 a 5 a 16 a 22 a 1 a 8 a 
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Table 2.6. Herbicide by mowing interactions on tall ironweed area of coverage at Lawrenceburg and Tompkinsville. 
         Lawrenceburg       .    Tompkinsville   . 
 2009 2010 2010 
 ——————————————————% area—————————————————— 
 Herbicide-Yes Herbicide-No Herbicide-Yes Herbicide-No Herbicide-Yes Herbicide-No 
Mowing-Yes 2 Aabb 8 Aa 4 Aa 8 Aa 1 Aabb 8 Aa 
Mowing-No 1 Ab 5 Ba 3 Ab 11 Aa 0 Ab 11 Aa 
 
a Means within a column followed by the same uppercase letter are not different at P < 0.05. 
b Means within a row followed by same lowercase letter are not different at P < 0.05.  
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Table 2.7. Main effects on herbaceous weed area of coverage at Lawrenceburg and 
Tompkinsville in 2009 and 2010. 
     Lawrenceburg    .     Tompkinsville    . 
 2009 2010 2009 2010 
 —————————————% area———————————— 
Mowing-Yes 6 aa 35 b 16 a ** 
Mowing-No 8 a 45 a 16 a ** 
Herbicide-Yes 1 b 28 b 1 b ** 
Herbicide-No 13 a 53 a 31 a ** 
Fertilizer-Yes 7 a 37 a 15 a 23 a 
Fertilizer-No 7 a 43 a 17 a 22 a 
 
aFor each location means within a column for each main factor followed by the same 
letter are not different at p < 0.05. 
**-Interactions occurred between main effects  
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Table 2.8. Main effects on woody plants area of coverage at Lawrenceburg and 
Tompkinsville in 2009 and 2010. 
     Lawrenceburg    .     Tompkinsville    . 
 2009 2010 2009 2010 
 —————————————% area———————————— 
Mowing-Yes 4 aa 4 a 1 a 6 a 
Mowing-No 4 a 4 a 1 a 7 a 
Herbicide-Yes 3 a 3 b 0 b 4 b 
Herbicide-No 5 a 5 a 2 a 10 a 
Fertilizer-Yes 3 a 4 a 1 a 6 a 
Fertilizer-No 5 a 4 a 1 a 7 a 
 
aFor each location means within a column followed by the same letter are not different at 
p < 0.05. 
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Table 2.9. The effect of grazing on tick clover at Lawrenceburg and clover at 
Tompkinsville. 
      Tick Clover     .        Clover       . 
 2009 2010 2009 2010 
 ————————————% area———————————— 
Grazed-Yes 6 aa 18 a 22 a 36 a 
Grazed-No 5 a 14 a 12 a 23 a 
 
aFor each location means within a column followed by the same letter are not different at 
p < 0.05. 
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Table 2.10. Main effects on tick clover at Lawrenceburg and clover at Tompkinsville. 
      Tick Clover     .        Clover       . 
 2009 2010 2009 2010 
 —————————————% area———————————— 
Mowing-Yes 5 aa 13 b 14 a ** 
Mowing-No 6 a 18 a 20 a ** 
Herbicide-Yes 2 b 11 b 1 b ** 
Herbicide-No 9 a 20 a 33 a ** 
Fertilizer-Yes 4 b 13 b 18 a 29 a 
Fertilizer-No 7 a 18 a 16 a 31 a 
 
aFor each location means within a column for each main factor followed by the same 
letter are not different at p < 0.05. 
**-Interactions occurred between main effects  
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Table 2.11. Effect of grazing on grass, tall ironweed, and total biomass at Lawrenceburg and Tompkinsville in 2009,2010, and when 
combined.  
      Forage Grasses     .         Clover        .       Tall Ironweed     .      Total Weeds     .      Total Biomass     . 
 2009 2010 Comb. 2009 2010 Comb. 2009 2010 Comb. 2009 2010 Comb. 2009 2010 Comb. 
Lawrenceburg ——————————————————————————————kg ha-1——————————————————————————— 
Grazed-Yes 1290 aa 1130 a 2410 a * * * 20 a 10 a 20 a 220 b 80 b 310 b 1510 a 1200 b 2720 b 
Grazed-No 2050 a 1300 a 3350 a * * * 30 a 10 a 40 a 400 a 240 a 650 a 2450 a 1550 a 4000 a 
                
Tompkinsville                
Grazed-Yes 330 b 440 b 770 b 50 a 100 b 150 a 10 a 20 a 30 a 50 b 50 b 90 b 430 b 580 b 1010 b 
Grazed-No 1520 a 1350 a 2870 a 50 a 320 a 370 a 20 a 30 a 50 a 270 a 280 a 550 a 1840 a 1960 a 3800 a 
 
aFor each location means within a column followed by the same letter are not different at p < 0.05. 
*- Data not presented due to absence of this specie at this location 
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Table 2.12. Main effects on forage grass biomass under grazing at Lawrenceburg and Tompkinsville in 2009, 2010, and combined. 
              Lawrenceburg              .           Tompkinsville           . 
 2009 2010 Combined 2009 2010 Combined 
 ———————————————kg ha-1————————————————— 
Mowing-Yes ** 1300 a ** 930 a 900 a 1830 a 
Mowing-No ** 1130 b ** 920 a 900 a 1810 a 
Herbicide-Yes ** 1420 a ** ** 1240 a ** 
Herbicide-No ** 1010 b ** ** 550 b ** 
Fertilizer-Yes 2010 aa 1400 a 3410 a 1020 a 960 a 1980 a 
Fertilizer-No 1320 b 1030 b 2350 b 830 b 830 a 1660 b 
 
aFor each location means within a column for each factor followed by the same letter are not different at p < 0.05. 
**-Interactions occurred among the main effects 
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Table 2.13. Herbicide by grazing and herbicide by mowing interactions on forage grass biomass at Lawrenceburg and Tompkinsville. 
 
a For each location means within a column followed by the same uppercase letter are not different at P < 0.05. 
b For each location means within a row followed by same lowercase letter are not different at P < 0.05.   
 
 
                 Lawrenceburg                .              Tompkinsville           .. 
 2009 Combined 2009 Combined 
 —————————————————————————kg ha-1——————————————————————— 
 Mowing-Yes Mowing-No Mowing-Yes Mowing-No Grazed-Yes Grazed-No Grazed-Yes Grazed-No 
Herbicide-Yes 1830 Aaab 1930 Aa 3310 Aa 3300 Aa 340 Ab 1920 Aa 1040 Ab  3700 Aa 
Herbicide-No 1650 Aa 1250 Ba 2780 Aa 2140 Bb 320 Ab 1120 Ba 500 Ab 2050 Ba 
 
68 
 
Table 2.14. Main effects on clover biomass under grazing at Tompkinsville in 2009, 
2010, and when combined.  
 2009 2010 Combined 
 ————————kg ha-1——————— 
Mowed-Yes 40 aa 260 a 300 a 
Mowed-No 60 a 160 b 220 a 
Herbicide-Yes 0 b ** 10 b 
Herbicide-No 100 a ** 510 a 
Fertilizer-Yes 50 a 210 a 260 a 
Fertilizer-No 50 a 210 a 260 a 
 
aFor each location means within a column for each main factor followed by the same 
letter are not different at p < 0.05. 
**-Interactions occurred between herbicide treatments and grazing 
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Table 2.15. Grazing by herbicide interaction on clover biomass at Tompkinsville in 2010. 
      2010     . 
 —————kg ha-1————— 
 Herbicide-Yes Herbicide-No 
Grazed-Yes 10 Aaab 190 Ba 
Grazed-No 0Ab 650 Aa 
 
a Means within a column followed by the same uppercase letter are not 
different at P < 0.05. 
b Means within a row followed by same lowercase letter are not different at 
P < 0.05.   
 
 
 
    
70 
Table 2.16. Main effects on tall ironweed biomass under grazing at Lawrenceburg and Tompkinsville. 
        Lawrenceburg       .        Tompkinsville       . 
 2009 2010 Combined 2009 2010 Combined 
 ———————————————kg ha-1———————————————— 
Mowed-Yes 30 aa 10 a 30 a 20 a 10 b 40 a  
Mowed-No 20 a 10 a 30 a 10 a 40 a 40 a 
Herbicide-Yes 10 b 0 b 10 b 0 a 10 b 10 b 
Herbicide-No 30 a 10 a 50 a 30 a 40 a 70 a 
Fertilizer-Yes 20 a 10 a 20 a 20 a 30 a 50 a 
Fertilizer-No 30 a 10 a 40 a 10 a 20 a 30 a 
 
a Means within a column for each factor followed by the same letter are not different at p < 0.05. 
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Table 2.17. Main effects of total weed biomass under grazing at Lawrenceburg and Tompkinsville. 
            Lawrenceburg          .           Tompkinsville          .             
 2009 2010 Combined 2009 2010 Combined 
 —————————————————kg ha-1———————————————— 
Mowing-Yes 310 aa 100 b 410 a 160 a 140 a 310 a 
Mowing-No 320 a 230 a 540 a 150 a 190 a 340 a 
Herbicide-Yes ** ** ** ** ** ** 
Herbicide-No ** ** ** ** ** ** 
Fertilizer-Yes 310 a 150 a 460 a 180 a 170 a 350 a 
Fertilizer-No 320 a 180 a 490 a 140 a 160 a 300 a 
 
a Means within a column for each factor followed by the same letter are not different at p < 0.05. 
**-Interactions occurred among herbicide treatments with grazing 
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Table 2.18. Grazing by herbicide interaction on total weed biomass at Lawrenceburg and Tompkinsville. 
 2009 2010 Combined 
 ——————————————————kg ha-1——————————————————— 
Lawrenceburg Herbicide-Yes Herbicide-No Herbicide-Yes Herbicide-No Herbicide-Yes Herbicide-No 
Grazed-Yes 140 Aaab 300 Ba 70 Aa 90 Aa 210 Aa 400 Ba 
Grazed-No 140 Ab 660 Aa 90 Aa 390 Aa 240 Ab 1060 Aa 
       
Tompkinsville       
Grazed-Yes 10 Aa  90 Ba 10 Aa 80 Ba 20 Aa 170 Ba 
Grazed-No 20 Ab 510Aa 110 Ab 460 Aa 130 Ab 970 Aa 
 
a For each location means within a column followed by the same uppercase letter are not different at P < 0.05. 
b For each location means within a row followed by same lowercase letter are not different at P < 0.05.   
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Figure 2.1. Grazing by herbicide interaction for total weed biomass at Lawrenceburg in 2010. 
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Table 2.19. Main effects on total biomass under grazing at Lawrenceburg and Tompkinsville. 
            Lawrenceburg          .             Tompkinsville          .             
 2009 2010 Combined 2009 2010 Combined 
 —————————————————kg ha-1———————————————— 
Mowing-Yes ** 1400 a 3450 a 1140 a 1300 a 2440 a 
Mowing-No ** 1360 a 3260 a 1130 a 1240 a 2370 a 
Herbicide-Yes ** 1500 a 3530 a ** ** 2450 a 
Herbicide-No ** 1250 b 3190 b ** ** 2360 a 
Fertilizer-Yes 2320 aa 1540 a ** 1250 a 1340 a ** 
Fertilizer-No 1640 b 1210 b ** 1020 b 1200 a ** 
 
a Means within a column for each factor followed by the same letter are not different at p < 0.05. 
**-interactions occurred between the main effects 
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Figure2.2. Effect of grazing on herbicide and mowing for total biomass pooled across fertilizer treatments at Lawrenceburg in 2009. 
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Table 2.20. Grazing by fertilizer and grazing by herbicide interactions for total biomass at Lawrenceburg and Tompkinsville. 
    Lawrenceburg   .                                       Tompkinsville                                   . 
 Combined 2009 2010 Combined 
 —————————————————————————kg ha-1———————————————————————— 
 Fertilizer-Yes Fertilizer-No Herbicide-Yes Herbicide-No Herbicide-Yes Herbicide-No Fertilizer-Yes Fertilizer-No 
Grazed-Yes 2990 Baab 2440 Aa 350 Ba 510 Ba 720 Ba 450 Ba 1060 Ba 960 Ba 
Grazed-No 4740 Aa 3250 Ab 1940 Aa 1730 Aa 1890 Aa 2030 Aa 4110 Aa 3480 Aa 
 
a For each location means within a column followed by the same uppercase letter are not different at P < 0.05. 
b For each location means within a row followed by same lowercase letter are not different at P < 0.05.   
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Chapter 3: Economic Costs and Returns Associated with Integrated Weed Control 
Strategies  
 
Abstract 
Field studies examined the management strategies of mowing, herbicide, fertility, 
and all possible combinations on weed biomass and pasture yield at three Kentucky 
locations. Mowing was performed in July 2008 and 2009, herbicide applied in August 
2008, and fertilizer applied in September 2008 and 2009 at all locations. Forage grass, 
clover, and weed biomass were collected in May or early June of 2009 and 2010. The 
mowing plus herbicide plus fertilizer treatment had the greatest forage grass value at two 
locations. Mowing alone had the greatest clover value at one location, while clover value 
was not different among treatments at the other location. The herbicide alone treatment 
provided the largest actual returns at two of the locations, while the fertilizer alone 
treatment typically had the least actual returns. 
 
Keywords:  aminopyralid, 2,4-D, fertilizer, forages, integrated weed management, 
mowing. 
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Introduction 
 Tall ironweed and Carolina horsenettle are unpalatable perennial weeds that often 
appear in over-grazed beef cattle pastures and reduce forage yield and diminish livestock 
carrying capacity (Marshall et al 2006; Payne et al 2010). Producers frequently 
implement weed control strategies to limit the spread and decrease the biomass of pasture 
weeds in an effort to increase forage production. Green (2007) found that mowing was 
the preferred weed management strategy in Kentucky with 61% of pastures reported to 
have been clipped one to two times per year. A properly timed  annual mowing reduced 
above ground biomass of western ironweed by 50% (McCarty and Linscott 1963) and a 
55% reduction in Canada thistle shoot density (Grekul and Bork 2007). 
Selective herbicides are effective at reducing weed biomass and populations. 
Marshall et al. (2006) reported that fall-applied treatments containing triclopyr following 
a midsummer mowing provided the greatest tall ironweed control 12 months after 
treatment (MAT).  Payne et al. (2010) reported that aminopyralid + 2,4-D, picloram + 
2,4-D, and aminopyralid applied in August reduced tall ironweed shoot density 10 MAT.  
Although effective, herbicides are not widely used. Green (2007) reported only 15% of 
Kentucky pastures were treated with an herbicide. Furthermore, the removal of desirable 
legume species such as clover was the main reason cited by producers for not widely 
using herbicides and the expense of herbicide treatment was the second reason for not 
using pasture herbicides.  
Fertilizer is often recommended to increase the biomass and competitiveness of 
desirable forage grasses and legumes and thought to aid in weed control. Grekul and 
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Bork (2007) reported that spring-applied fertilizer decreased Canada thistle density but 
increased aboveground biomass. They also reported that herbicidal control was enhanced 
when combined with fertilization. Furthermore, tall fescue fertilized in late summer or 
early fall promotes forage growth, and this practice is used to stockpile forage for beef 
cattle to graze during late fall and early winter (Rayburn et al 1979; Taylor and 
Templeton 1976).  
Effective pasture weed control strategies are available to producers, but the costs 
of these are cited as reasons not to implement these strategies. The return in forage yield 
relative to a weed control strategy is not well documented. Therefore, an objective of this 
research was to evaluate the additional forage value obtained from mowing, herbicide, 
and fertilizer treatments, and compare the relative costs and returns of these treatments. 
Materials & Methods 
Site Description. Research was conducted from 2008 to 2010 in pastures near 
Lawrenceburg (38°3’39”N 84°53’57”W), Tompkinsville (36°40’33”N 85°41’7”W), and 
Richmond (37°49’43”N 84°14’40”W) Kentucky. All sites were on beef cattle farms with 
tall fescue as the dominant cool-season grass. Tall ironweed was common at all sites and 
mowing was considered the primary weed control tactic implemented at these locations 
in the years preceding this research. The Tompkinsville and Richmond sites also 
contained clover as a companion forage species, predominately white clover, while 
clover was void at Lawrenceburg. Beef cattle grazed the sites at Lawrenceburg and 
Tompkinsville before and during the experiment. The Richmond site was clipped for a 
spring hay cutting and then grazed throughout the remainder of the season.  
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Treatments consisted of mowing, herbicide, and fertilizer alone and in all combinations 
including an untreated control. The experimental design was a three-way factorial with 8 
treatments and 4 replications; each plot was 6 m by 15 m.  Treatments allocated to 
mowing were clipped to a height of 10 to 15 cm in midsummer of 2008 and 2009 (Table 
3.1). The herbicide treatment was a formulated mixture of aminopyralid at 115 g ae ha-1 
plus 2,4-D at 1 kg ae ha-1 and was applied in August 2008 at all locations (Table 3.1). All 
herbicide containing treatments at the Tompkinsville site received an additional treatment 
of a formulated mixture of 627 g ae ha-1 triclopyr plus 201 g ae ha-1 fluroxypyr in 
September 2009 to control encroaching woody plants. The other treatments did not 
receive this application since the introduction of herbicide into the control and mowing or 
fertilizer containing treatments was not desired. The tall ironweed at this site had 
senesced before the application of the triclopyr plus fluroxypyr. The fertilizer treatment 
consisted of 56 kg ha-1 N (as ammonium nitrate) applied at all sites in September of 2008 
and 2009 while Lawrenceburg additionally received 90 kg ha-1 P2O5 and Richmond 
received 100 kg ha-1 K2O based on soil samples taken July 2008 in accordance with 
University of Kentucky soil test recommendations for tall fescue pastures (Table 3.1) 
(Anonymous 2008). 
Biomass Collection. Cattle were excluded from the study areas beginning in April 2009 
and 2010 before initiation of tall fescue growth in the spring until samples for 
determining forage yield and weed biomass were collected (Table 3.1). Forage and weed 
biomass subsamples were collected at each site by harvesting three 0.5 m2composite 
biomass samples consisting of grasses, clovers when present, and weeds. Samples were 
collected from each plot in the spring of 2009 and 2010. Subsamples were moved 1 m 
 
81 
 
from the original placement in 2010 to prevent a harvesting effect on treatments. 
Immediately following separation samples were oven dried for 72 hours and dry weight 
for each component determined. Following biomass collection, cattle were allowed to 
graze the remaining vegetation until the next spring. 
Yield data from 2009 and 2010 were combined for each location before an 
economic analysis was conducted. Forage values were determined for each location 
based upon the previous 5 year average for hay value in Kentucky. The forage grass 
components were valued at $0.09 per kg and clover components at $0.11 per kg. Value of 
forage produced and net return was based on the difference of the treatment’s forage 
value and input cost. Additional forage value produced was compared to the untreated 
control. Input costs were those associated with each treatment and were prorated at 60% 
of actual cost because only the spring harvests were taken.  Approximately 60% of tall 
fescue biomass is produced in the spring and the remaining 40% during the rest of the 
year. (Denison and Perry 1990). The cost of the mowing treatment was based on a state-
wide average that included labor, fuel, and equipment depreciation costs, while the 
herbicide treatment costs included herbicide plus application, and the fertilizer treatment 
costs were based on the costs of the fertilizer plus the application. Actual returns were the 
values obtained by subtracting the input costs from each treatment’s forage value, while 
net returns were the difference among each treatment’s actual return with that of the 
control. 
Statistical Analysis. Data collected from the three locations were analyzed separately 
due to differences in management practices and environmental factors unique to each 
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location. All data were subjected to analysis of variance using Proc GLM in SAS at the 
p=0.05 level. Individual treatment effects were analyzed independently.  
Results & Discussion 
Economic Analysis. The Lawrenceburg site did not contain clover; therefore, forage 
value is based only on forage grass yields. The mowing plus fertilizer, herbicide plus 
fertilizer, and mowing plus herbicide plus fertilizer treatments had the highest forage 
values that ranged from  $380.32 to $448.87  ha-1, respectively (Table 3.2). Furthermore, 
the mowing plus fertilizer, herbicide plus fertilizer, and mowing plus herbicide plus 
fertilizer treatments also had the highest additional value, which ranged from $224.23 to 
$292.88 ha-1 above the forage value of the untreated control. The mowing alone, 
herbicide alone, fertilizer alone, and mowing plus herbicide treatments had the second 
highest forage value, which was higher than the untreated control, and ranged from 
$250.89 to $287.74 ha-1. These treatments also had a greater additional value than the 
control, but had a lower additional value than mowing plus fertilizer, herbicide plus 
fertilizer, or mowing plus herbicide plus fertilizer treatments. The herbicide alone 
treatment was numerically the lowest cost treatment in this study at $34.83 ha-1 for the 
application, which consisted of one application, made in 2008. The mowing alone 
treatment was the second lowest cost treatment at $44.46 ha-1, which included two 
clippings, one time each in 2008 and 2009. The fertilizer alone treatment was $183.47 ha-
1 (numerically the highest cost treatment among the main factors), which included an 
annual application of N and P2O5 in 2008 and 2009.When more than one management 
strategy was used, all associated input costs were combined. The herbicide alone and 
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herbicide plus fertilizer treatments had the highest actual returns at $252.91 and $230.57 
ha-1, which was $96.94 and $74.59 ha-1 above the actual return for the untreated control, 
respectively. This can be contributed to a greater forage value and lower input costs, 
except with the herbicide plus fertilizer treatment. The mowing alone, mowing plus 
herbicide, and mowing plus herbicide plus fertilizer treatments had net returns similar to 
herbicide alone and herbicide plus fertilizer, but were not different from the control. 
Fertilizer alone and mowing plus fertilizer had the lowest actual return at $90.72 and 
$152.39 ha-1, which was $65.27 and $3.60 ha-1 below the net return of the untreated 
control, but did not differ from the control. This was a result of the high cost associated 
with the treatment relative to the yield increase.  
At Tompkinsville the herbicide plus fertilizer and mowing plus herbicide plus 
fertilizer treatments had the highest forage grass value at $371.19 and $405.62 ha-1, 
respectively (Table 3.3). Herbicide alone at $331.93 ha-1 had a similar value to herbicide 
plus fertilizer, but was not different from the mowing plus herbicide treatment. The value 
of forage grass yield for mowing alone, fertilizer alone, and mowing plus fertilizer 
treatments were not different from the untreated control, but fertilizer alone had a forage 
grass value similar to the mowing plus herbicide treatment. The mowing alone, fertilizer 
alone, and mowing plus fertilizer treatments had the highest clover values at $102.81, 
$73.06, and $90.55 ha-1, respectively. The control had a clover value at $57.19 ha-1, 
which was similar to the fertilizer alone and mowing plus fertilizer treatments. All 
herbicide treatments removed clover biomass resulting in no forage value benefit at 
Tompkinsville, which was contributed to the  two consecutive fall herbicide applications. 
When the grass and clover values were combined, the herbicide alone, herbicide plus 
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fertilizer, and mowing plus herbicide plus fertilizer treatments had the greatest total 
forage value which ranged from $331.93 to $405.62 ha-1,which was primarily due to the 
amount of forage grasses produced. There were no differences among the remaining 
treatments relative to the untreated control, although they were similar to the herbicide 
alone treatment. The herbicide alone, herbicide plus fertilizer, and mowing plus herbicide 
plus fertilizer treatments also had the greatest additional value exceeding $100.00 ha-1 
above the untreated control. The mowing alone treatment had the lowest input cost of the 
main factors at $44.46 ha-1, which included two clippings each in 2008 and 2009. The 
herbicide alone treatment cost $69.95 ha-1, and included applications in 2008, as well as 
one in 2009. The fertilizer alone treatment cost $78.55 ha-1, which included annual 
applications of N in both 2008 and 2009. Since N was the only fertilizer input the cost of 
fertilizer containing treatments at Tompkinsville was the lowest of the three locations. 
Despite all treatments having an actual return above $150.00 ha-1 and the mowing alone, 
herbicide alone, and herbicide plus fertilizer treatments having positive net returns there 
were no treatments that differed in actual or net returns relative to the untreated control. 
The forage value of each treatment did not overcome the cost of inputs. However, the net 
returns from the mowing alone and herbicide alone treatments were greater than the 
mowing plus herbicide and mowing plus fertilizer treatments. 
  At Richmond the untreated control, herbicide alone, fertilizer alone, mowing plus 
herbicide, herbicide plus fertilizer, and mowing plus herbicide plus fertilizer treatments 
did not differ in forage grass value and ranged from$282.52 to $344.52 ha-1 (Table 3.4). 
The mowing alone treatment had the lowest forage grass value of any treatment at 
$202.59 ha-1, and was similar to the mowing plus fertilizer treatment. There was no 
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difference among any treatment with that of the untreated control for clover value, but 
clover value did vary among treatments. Mowing alone and mowing plus fertilizer 
treatments had the greatest clover value at $88.28 and $89.61 ha-1. Fertilizer alone was 
similar to mowing alone and mowing plus herbicide treatments. The herbicide alone, 
herbicide plus fertilizer, and mowing plus herbicide plus fertilizer treatments had the 
lowest clover value compared to mowing alone. The untreated control, fertilizer alone, 
and herbicide plus fertilizer treatments had the highest total forage value at $394.50, 
$397.92, and $382.08 ha-1, respectively, and were similar to mowing plus herbicide, 
mowing plus fertilizer, and mowing plus herbicide plus fertilizer treatments. The mowing 
alone treatment at $290.87 ha-1 and herbicide alone treatment at $311.89 ha-1 had the 
lowest forage values, but were similar to the mowing plus herbicide, mowing plus 
fertilizer, and mowing plus herbicide plus fertilizer treatments. Fertilizer alone was the 
only treatment to provide a positive added value, but did not differ from the untreated 
control. The herbicide alone treatment at $34.83 ha-1 had the lowest input cost of the 
main factors, which consisted of only one application in 2008. The treatment cost for 
mowing alone was $44.46 ha-1, which included an annual clipping in 2008 and 2009. The 
fertilizer treatment cost $174.88 ha-1making it the highest input cost of the main factors, 
and included an annual application of N and K2O in 2008 and 2009. All treatments 
provided lower actual and net returns than the untreated control at Richmond despite four 
treatments having an actual return above $200.00 ha-1. This can be attributed to to the 
total forage value produced by the untreated control.  
Two of the three sites produced a positive net return when costs of inputs for 
weed control strategies are included. Lawrenceburg had the greatest number of treatments 
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with a positive net return, which can be attributed to a greater forage yield and value 
relative to the input costs of the treatments evaluated. While Tompkinsville had the 
additional benefit of clover value and lower fertilizer costs, the additional value was not 
great enough to offset total treatment costs. This resulted in greater variability among the 
net returns with no treatments statistically different from the control despite a positive 
return. Richmond was the only location without a positive net return for any treatment. 
This was most likely related to the high forage yield and calculated value of the untreated 
control, which may be partially attributed to the historically different management 
system.  
The economic analysis of a weed management treatment is a complex process and 
may include issues other than a positive net return.  It may not be based on forage yield 
alone to be successful. The farmer preference for the aesthetic of the pasture may result in 
more frequent mowing or herbicide treatments, while poisonous plants in pastures may 
necessitate additional herbicide treatments or hand removal.  Effective weed control is an 
important management goal among producers and combinations of different strategies to 
achieve multiple objectives at the same time may be necessary. Combining herbicide and 
foliar fertilizer treatments could reduce weed biomass while increasing forage grass 
biomass. Increases in forage production may allow a higher stocking density and 
outweigh the immediate cost of a treatment combination.  
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Table 3.1. Dates of mowing, herbicide, and fertilizer treatment applications, weed 
population measurements, and biomass harvest at three Kentucky locations.  
Activity Lawrenceburg Tompkinsville Richmond 
Mowing 
July 17, 2008 
August 5, 2009 
July 22, 2008 
July 30, 2009 
July 15, 2008 
August 6, 2009 
Herbicide August 28, 2008 
August 21, 2008 
September 8, 2009 
August 18, 2008 
Fertilizer 
September 2, 2008 
September 11, 2009 
September 9, 2008 
September 1, 2009 
September 11, 2008 
September  10, 2009 
Weed 
Populations 
July 17, 2008 
September 11, 2009 
July 22, 2010 
July 22, 2008 
September 1, 2009 
July 15, 2010 
July 15, 2008 
September 10, 2009 
July 28, 2010 
 
Biomass 
Harvest 
 
June 10, 2009 
May 27, 2010 
May 19, 2009 
May 18, 2010 
June 2, 2009 
June 2, 2010 
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Table 3.2. Economic data with spring 2009 & 2010 forage harvests combined at Lawrenceburg. 
Treatments Forage Value b Additional Value c Input Costs d Actual Returns e Net Returns f 
 ———————————————————————$/ha—————————————————————— 
Untreated 155.99 ca 0.00 c --- 155.99 bc 0.00 bc 
Mowing 250.89 b 94.90 b 44.46 206.43ab 50.44 ab 
Herbicide 287.74 b 131.74 b 34.83 252.91 a 96.94 a 
Fertilizer 274.19 b 118.20 b 183.47 90.72 c -65.27 c 
Mow + Herb 271.15 b 115.16 b 79.29 191.87 ab 79.30 ab 
Mow + Fert 380.32 a 224.23 a 227.93 152.39 bc -3.60 bc 
Herb + Fert 448.87 a 292.88 a 218.30 230.57 a 74.59 a 
Mow + Herb + Fert 442.47 a 286.48 a 262.76 179.71 ab 23.66 ab 
p > f <.0001 <.0001  0.0005 0.0017 
a Means within a column followed by the same letter are not different according to Fisher’s Protected LSD at the p < 0.05. 
b Total forage value calculated as the forage grass yield times $0.09 per kg. 
c Additional value is the difference in forage value of a treatment relative to the untreated control. 
d Input costs are expenses associated with each treatment prorated at 60% since spring forage yields accounted for approximately 60% of total 
biomass in a season. 
e Actual returns are  forage value minus input costs. 
f Net returns are additional value minus input costs.  
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Table 3.3. Economic data with spring 2009 & 2010 forage harvests combined at Tompkinsville. 
Treatments Grass Value b Clover Value c Forage Value d Additional Value e Input Costs f Actual Returns g Net Returns h 
 ———————————————————————————$/ha————————————————————————————————— 
Untreated 164.80 ea 57.19 b 221.99 d 0.00 d --- 221.99  abc 0.00 abc 
Mowing 198.91 e 102.81 a 301.80 bcd 79.81 bcd 44.46 257.34  ab 35.29  ab 
Herbicide 331.93 bc 0.00 c   331.93 abc 109.94 abc 69.96 261.98 a 40.29  a 
Fertilizer 201.10 de 73.06 ab 274.19 cd 52.20 cd 78.55 195.64 bc -26.35 bc 
Mow + Herb 277.45 cd 0.00 c 277.45 cd 55.46 cd 114.11 163.34  c -58.71 c 
Mow + Fert 196.59 e 90.55 ab 287.14 cd 65.15 cd 123.01 164.13  c -57.92 c 
Herb + Fert 371.19 ab 0.00 c 371.19 ab 149.20 ab 148.20 229.99 abc 1.01 abc 
Mow + Herb +Fert 405.62 a 0.00 c 405.62 a 183.63 a 192.66 212.96 bc -9.02 bc 
p > f <.0001 <.0001 0.0011 0.0011  0.0314 0.0314 
a means within a column followed by the same letter are not different according to Fisher’s Protected LSD at the p < 0.05.  
b Grass value calculated as the forage grass yield times $0.09 per kg. 
c Clover value calculated as clover yield times $0.11 per kg. 
d Total forage value is the grass and clover values combined.  
e Additional value is the difference in forage value of a treatment relative to the untreated control. 
f Input costs are expenses associated with each treatment prorated at 60% since spring forage yields accounted for approximately 60% of total biomass in a season. 
g Actual returns are  forage value minus input costs. 
hNet returns are additional value minus input costs.  
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Table 3.4. Economic data with spring 2009 & 2010 forage harvests combined at Richmond. 
Treatments Grass Value b Clover value c Forage Value d Additional Value e Input Costs f Actual Returns g Net Returns h 
 ———————————————————————————$/ha————————————————————————————————— 
Untreated 336.80 ab a 57.70 abcd 394.50 aa 0.00 a --- 394.50 a 0.00 a 
Mowing 202.59 c 88.28 ab 290.87 b -103.63 b 44.46 246.41 b -148.09 b 
Herbicide 284.00 ab 27.89 d 311.89 b -82.61 b 34.83 277.06 b -117.44 b 
Fertilizer 344.52 a 53.40 bcd 397.92 a 3.42 a 174.88 223.04 bc -171.46 bc 
Mow + Herb 282.52 ab 69.41 abc 351.93 ab -42.57 ab 79.29 272.64 b -121.86 b 
Mow + Fert 265.03 bc 89.61 a 354.64 ab -39.86 ab 219.34 135.30 de -259.20 de 
Herb + Fert 341.28 a 40.80 cd 382.08 a -12.42 a 209.70 172.38 cd -222.12 cd 
Mow + Herb + Fert 317.17 ab 34.06 d 351.23 ab -43.27 ab 254.16 97.07 e -297.43 e 
p > f 0.035 0.0028 0.0314 0.0314  <.0001 <.0001 
a Means within a column followed by the same letter are not different according to Fisher’s Protected LSD at the p < 0.05. 
b Grass value calculated as the forage grass yield times $0.09 per kg. 
c Clover value calculated as clover yield times $0.11 per kg. 
d Total forage value is the grass and clover values combined.  
e Additional value is the difference in forage value of a treatment relative to the untreated control. 
f Input costs are expenses associated with each treatment prorated at 60% since spring forage yields accounted for approximately 60% of total biomass in a season. 
g Actual returns are  forage value minus input costs. 
hNet returns are additional value minus input costs.  
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Chapter 4: Forage Quality of Tall Fescue Pasture as Influenced by Integrated Weed 
Control Strategies 
 
Abstract 
 Field studies examined the management strategies of mowing, herbicide, fertility, 
and all possible combinations on weed biomass and pasture yield at three Kentucky 
locations. Mowing was performed in July 2008 and 2009, herbicide applied in August 
2008, and fertilizer applied in September 2008 and 2009 at all locations. Forage grass, 
clover, and weed biomass were collected in May or early June of 2010. The main effects 
of mowing, herbicide, or fertilizer at the Lawrenceburg location did not affect CP; 
however, CP was increased by mowing and decreased by herbicide at the Richmond 
location. NDF and ADF were increased by herbicide containing treatments at the 
Tompkinsville and Richmond locations. IVTD was reduced by herbicide treatments at the 
Tompkinsville and Richmond locations, and increased by mowing at the Richmond 
location. The main effect of fertilizer did not affect any component of forage quality at 
any location. When individual treatment combinations were evaluated, the mowing alone 
treatment had the greatest CP at the Tompkinsville and Richmond locations while the 
herbicide alone and mowing plus herbicide plus fertilizer treatments had the lowest CP at 
the same locations. All of the herbicide containing treatments had the greatest NDF at the 
Tompkinsville location, while the herbicide alone, herbicide plus fertilizer, and mowing 
plus herbicide plus fertilizer treatments had the greatest NDF at the Richmond location. 
The mowing plus herbicide plus fertilizer treatment had the greatest ADF at all of the 
locations. IVTD was not affected by any treatment at the Lawrenceburg location, but the 
 
94 
 
mowing plus fertilizer and the mowing alone treatment increased IVTD at the other two 
locations.  
Nomenclature: Acid detergent fiber ADF, crude protein CP, in-vitro true digestibility 
IVTD, neutral detergent fiber NDF,  
Key Words:  aminopyralid, 2,4-D, fertilizer, integrated weed management, mowing,  
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Introduction 
Tall fescue is grown on approximately 2.5 million hectares in Kentucky, and is 
used extensively for hay and forage production for beef cattle and other livestock 
industries (Lacefield et al. 2003). Tall fescue has been reported to have a forage quality 
comparable to orchardgrass, with animal intake being limited by the presence of the 
endophytic fungus Neotyphodium coenophalium, rather than forage quality (Lacefield et 
al 2003). While an appropriate forage quality is essential to meet the nutritional 
requirements and insure maximum gains in beef cattle, forage quality is a varying 
measurement that is affected by biological and environmental stresses such as weed 
management practices. 
  Mowing is frequently used by producers to control pasture weeds, which will 
reduce weed and forage biomass and increase the growth of nutrient dense forage. 
Eriksen-Hamel and Whalen (2006) reported that tissue N concentrations in smooth brome 
and Kentucky bluegrass, and timothy and perennial ryegrass hayfields was greater in the 
unmowed plots two weeks after the study was initiated, but six weeks after initiation the 
mowed plots maintained a greater tissue N concentration with P and K concentrations 
following the same trend. Eriksen-Hamel and Whalen also reported that unmowed plots 
had a greater cumulative annual yield than the mowed plots in the smooth brome and 
Kentucky bluegrass hayfield, while cumulative annual yield was not different for the 
timothy and perennial ryegrass hayfield.  
Selective broadleaf herbicides remove weeds from pasture to increase forage 
quality. However, their use is sometimes limited by producers over concerns of removing 
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desirable forage legumes that are high in protein and highly digestible by livestock 
species (Green 2007). Payne et al (2010) found that the crude protein and relative feed 
value of tall fescue pastures and hayfields were reduced when treated with broadleaf 
herbicides, with aminopyralid + 2,4-D having the lowest crude protein at 7.4% compared 
to the control 1 year after treatment when treated in May. When treated in August 
aminopyralid + 2,4-D still had the lowest crude protein at 7.6%, 10 months after 
treatment. Aminopyralid + 2,4-D also had the lowest relative feed value of all the 
treatments for both May and August applications, which they attributed to the removal of 
forage legumes and weedy forbs.  
 Fertilization of pastures is a common practice that is used to increase the quantity 
of available forage, competitiveness of forage species, and improve forage quality 
(Angima et al. 2009; Erikson-Hamel and Whalen 2006; Rayburn et al 1979; Schwab and 
Piersawl 2010). Rayburn et al (1979) found that stockpiled tall fescue yield was greatest 
in 1975 when fertilized with 112 kg ha-1 N in September and in 1976 when fertilized in 
July, while summer yield was greatest in June in both years. In both years crude protein 
was highest in stockpiled tall fescue when fertilized in September at 13.9% in 1975 and 
12.5% in 1976. Erikson-Hamel and Whalen (2006) reported that fertilized, unmown 
treatments had a greater yield in both the smooth brome and Kentucky bluegrass and 
timothy and perennial ryegrass hayfields. It was also found that fertilized grass had a 
greater tissue N concentration than unfertilized grass until eight weeks after initiation of 
study. 
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 While great effort is exerted to control pasture weeds to improve forage quality, 
research has suggested that some weeds may be of greater quality than the desirable 
forages (Bosworth et al 1980; Bosworth et al 1986; Dutt et al 1982; Marten and Andersen 
1975; Marten et al 1987; Payne et al 2010; Temme et al 1979). Payne et al (2010) found 
that pure samples of common ragweed and white clover had similar crude protein in June 
at 15.2 and 14.6%, respectively, while tall ironweed and tall fescue were similar at 10.5 
and 6.3%. The following year common ragweed, white clover, and tall ironweed were 
also similar at 19.6, 14.6, and 12.5% crude, respectively. Common ragweed and white 
clover also had a similar relative feed value in June, but the following year common 
ragweed had a greater relative feed value than white clover. Marten and Andersen (1975) 
reported that redroot pigweed, common lambsquarters, common ragweed, yellow foxtail, 
and barnyardgrass had a similar in vitro digestible dry matter (IVDDM) to alfalfa, while 
redroot pigweed, common lambsquarters, common ragweed, and Pennsylvania 
smartweed had crude protein similar to alfalfa. In a palatability trial with sheep Marten 
and Andersen also found that yellow foxtail, barnyardgrass, green foxtail, redroot 
pigweed, Pennsylvania smartweed, common lambsquarters, and common ragweed were 
highly palatable for sheep, while giant ragweed and common cocklebur extremely 
unpalatable. Marten et al (1987) found that Jerusalem artichoke, Canada thistle, 
dandelion, and perennial sowthistle had crude protein and IVDDM equal to or greater 
than alfalfa, but Jerusalem artichoke and Canada thistle were unpalatable to lambs.  
 While several studies have been conducted examining the effect of single and 
two-way factor combinations of weed control strategies on forage quality, little research 
has been conducted on the effect of three-way factor combinations on forage quality. 
 
98 
 
Therefore, the objective of this research was to determine the effect of mowing, 
herbicide, fertilizer, and all possible combinations on forage quality. 
Materials & Methods 
Site Description. Research was conducted from 2008 to 2010 in pastures near 
Lawrenceburg (38°3’39”N 84°53’57”W), Tompkinsville (36°40’33”N 85°41’7”W), and 
Richmond (37°49’43”N 84°14’40”W) Kentucky. All sites were on beef cattle farms with 
tall fescue as the dominant cool-season grass. Tall ironweed was common at all sites and 
mowing was considered the primary weed control tactic. The Tompkinsville and 
Richmond sites also contained clover as a companion forage species, predominately 
white clover, while clover was void at Lawrenceburg. Prior to and during the experiment 
beef cattle grazed the sites at Lawrenceburg and Tompkinsville while Richmond was 
clipped for a spring hay cutting and then grazed throughout the remainder of the season.  
Treatments consisted of mowing, herbicide, and fertilizer alone and in all 
combinations including an untreated control. The experimental design was a three-way 
factorial with 8 treatments and 4 replications; each plot was 6 m by 15 m.  Treatments 
allocated to mowing were clipped to a height of 10 to 15 cm in midsummer of 2008 and 
2009 (Table 4.1). The herbicide treatment was a formulated mixture of aminopyralid at 
115 g ae ha-1 plus 2,4-D at 1 kg ae ha-1 and was applied in August 2008 at all locations 
(Table 4.1). All herbicide containing treatments at the Tompkinsville site received an 
additional treatment of a formulated mixture of 627 g ae ha-1 triclopyr plus 201 g ae ha-1 
fluroxypyr in September 2009 to control encroaching woody plants. The other treatments 
did not receive this application since the introduction of herbicide into the control and 
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mowing or fertilizer containing treatments was not desired. The tall ironweed at this site 
had senesced before the application of the triclopyr plus fluroxypyr. The fertilizer 
treatment consisted of 56 kg ha-1 N (as ammonium nitrate) applied at all sites in 
September of 2008 and 2009 while Lawrenceburg additionally received 90 kg ha-1 P2O5 
and Richmond received 100 kg ha-1 K2O based on soil samples taken July 2008 in 
accordance with University of Kentucky soil test recommendations for tall fescue 
pastures (Table 4.1) (Anonymous 2008). 
Biomass Collection. Cattle were excluded from the study areas beginning in April 2009 
and 2010 before initiation of tall fescue growth in the spring until samples for 
determining forage quality were collected (Table 4.1). Following biomass collection, 
cattle were allowed to graze the remaining vegetation until the next spring. In 2010 
forage biomass samples were collected at each site by harvesting three 0.5 m2 subsamples 
per plot at predetermined locations within the middle of each plot. Immediately following 
collection, the biomass samples were separated into desirable cool-season forage grasses 
and clovers that were oven dried at 35 C for 72 hours. Samples were ground with a Wiley 
mill through a 1 mm screen for analysis. An ANKOM Fiber Analyzer F200 was used to 
determine both acid detergent fiber (ADF) and neutral detergent fiber (NDF) from a 0.50 
g subsample. In addition, an ANKOM DAISY II Incubator was used to determine in vitro 
true digestibility (IVTD) from a   0.25 g sample. A LECO FP-528 Nitrogen/Protein 
Determinator was used to determine herbage nitrogen from a 0.10 g sample, and herbage 
nitrogen was multiplied by 6.25 to determine crude protein (CP).  
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Statistical Analysis.  All data were subjected to analysis of variance using PROC GLM 
in SAS at the p=0.05 level. CP, NDF, ADF, and IVTD data were combined across weed 
management strategies to evaluate main effects among mowing, herbicide, and fertilizer 
in the absence of interactions. Data for individual treatments collected in spring 2010 at 
each location were also analyzed.   
Results & Discussion 
Main Effects. The treatment main effects of mowing, herbicide, or fertilizer at 
Lawrenceburg did not affect CP, which was different from the results reported by 
Eriksen-Hamel and Whalen (2006), Payne et al (2010), and Rayburn et al (1979) (Table 
4.2). This was most likely due to the absence of clover at this location, which would have 
elevated CP in the treatments without herbicide. At Tompkinsville, a mowing by 
herbicide interaction occurred for CP, while treatments with and without fertilizer did not 
affect CP. Treatments with mowing increased CP compared with treatments without 
mowing at Richmond, and treatments with herbicide decreased CP at this location, 
possibly due to the removal of legume species. The results at Richmond were similar to 
those of Eriksen-Hamel and Whalen (2006) and Payne et al (2010). 
 Mowing was the only factor to increase NDF at Lawrenceburg compared to no 
mowing (Table 4.3). This was most likely from the removal of older vegetation in the 
years following the establishment of the study. While mowing did not affect NDF at 
Tompkinsville, treatments with herbicide had a greater NDF than treatments without 
herbicide possibly resulting in a decrease in dry matter intake by cattle. On the other 
hand, mowing treatments reduced NDF at Richmond, while herbicide containing 
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treatments increased NDF. Fertilizer did not affect NDF at any location; this may be due 
to the timing of application for this treatment. 
 Treatments without mowing had a lower ADF compared to treatments with 
mowing at Lawrenceburg, which would have resulted in greater digestibility (Table 4.4). 
On the other hand, mowing treatments at Tompkinsville had no affect on ADF, but 
mowing treatments at Richmond reduced ADF compared to treatments without mowing; 
this is most likely from the removal of clover from plots treated with herbicide at 
Tompkinsville, and an increase in clover biomass from mowing at Richmond. Treatments 
without herbicide had a lower ADF compared to treatments with an herbicide at both 
Tompkinsville and Richmond, which is also most likely due to the removal of legume 
species in herbicide containing treatments. Added fertilizer had no affect on ADF at any 
location. 
 There were no differences in IVTD among the main effects at Lawrenceburg 
(Table 4.5). At Tompkinsville herbicide containing treatments reduced IVTD compared 
to treatments without herbicide. Herbicide containing treatments also reduced IVTD at 
Richmond. Whereas, mowing treatments increased IVTD, which is likely due to an 
increase in clover biomass from mowing. 
Individual Treatments. When individual treatments were assessed there were no 
significant differences among treatments for CP at Lawrenceburg, which was the location 
void of clover (Table 4.6). At Tompkinsville, the mowing alone and mowing plus 
fertilizer treatments had the greatest CP and were similar to the untreated control. All 
herbicide containing treatments had the lowest CP, which was attributed to the removal 
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of clover. The mowing alone, mowing plus herbicide, and mowing plus fertilizer 
treatments had the greatest CP at Richmond. The herbicide alone, herbicide plus 
fertilizer, and mowing plus herbicide plus fertilizer treatments had the lowest CP and 
were similar to the mowing plus herbicide treatment and the untreated control. These 
results for Tompkinsville and Richmond were similar to those reported by Eriksen-Hamel 
and Whalen (2006) and Payne et al (2010).  
 The mowing plus herbicide plus fertilizer treatment had the greatest NDF at 
Lawrenceburg, and was similar to the mowing plus herbicide, mowing plus fertilizer, and 
herbicide plus fertilizer treatments (Table 4.7). The herbicide alone and fertilizer alone 
treatments had the lowest NDF and were similar to the untreated control, mowing alone, 
and herbicide plus fertilizer treatments. All herbicide treatments had the greatest NDF at 
Tompkinsville, while there were no differences among the remaining treatments. This is 
most likely the result of clover and weed biomass removal from two applications of 
herbicide at this location. At Richmond the herbicide alone, herbicide plus fertilizer, and 
mowing plus herbicide plus fertilizer treatments had the greatest NDF, and were similar 
to the nontreated control, fertilizer alone, and mowing plus herbicide treatments. While 
there is a similar trend at Richmond the results are not as defined as they are at 
Tompkinsville. This is likely due to Richmond only receiving one herbicide application 
in 2008 which increased clover biomass at the time of collection. 
 The herbicide alone and fertilizer alone treatments had the lowest ADF at 
Lawrenceburg, and were similar to the nontreated control, mowing alone, and herbicide 
plus fertilizer treatments (Table 4.8). At Tompkinsville the mowing alone, fertilizer 
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alone, and mowing plus fertilizer treatments had the lowest ADF, while herbicide 
treatments had the greatest. At Richmond the mowing alone treatment had the lowest 
ADF and was similar to the nontreated control, mowing plus herbicide, and mowing plus 
fertilizer treatments. The herbicide treatments also had the greatest ADF at Richmond. 
 There were no significant differences among treatments for IVTD at 
Lawrenceburg (Table 4.9). The mowing plus fertilizer treatment had the greatest IVTD at 
Tompkinsville, and was similar to the nontreated control and mowing alone treatments. 
The herbicide alone and mowing plus herbicide treatments had the lowest IVTD. At 
Richmond the mowing alone treatment had the greatest IVTD, and was similar to the 
mowing plus herbicide and mowing plus fertilizer treatments. However, the herbicide 
alone and herbicide plus fertilizer treatments had the lowest IVTD.  
 Overall, CP was not affected by any main effect in the monoculture setting that 
was present at the Lawrenceburg location. CP was increased by mowing and decreased 
by herbicide containing treatments at Richmond, while the main effect of fertilizer had no 
effect on CP at any location. NDF was increased at Lawrenceburg by treatments with 
mowing, but was decreased by mowing treatments at Richmond. While herbicide 
containing treatments increased NDF at Tompkinsville and Richmond. This same pattern 
was also observed for ADF where mowing increased ADF at Lawrenceburg but 
decreased it at Richmond, and herbicide treatments increased ADF at Tompkinsville and 
Richmond. IVTD was also not affected by any main effect at Lawrenceburg. Mowing 
increased IVTD at Richmond, while herbicide treatments reduced IVTD at 
 
104 
 
Tompkinsville and Richmond. The main effect of fertilizer had no effect on any of the 
main components of forage quality at any location. 
 When individual treatment combinations were evaluated CP at Lawrenceburg was 
not affected by any treatment. The mowing alone treatment had the greatest CP at 
Tompkinsville and Richmond while the herbicide alone and mowing plus herbicide plus 
fertilizer treatments had the lowest CP. The mowing plus herbicide plus fertilizer 
treatment had the greatest NDF at Lawrenceburg while the herbicide alone and fertilizer 
alone treatments had the lowest. However, at Tompkinsville all of the herbicide 
containing treatments had the greatest NDF, while at Richmond the herbicide alone, 
herbicide plus fertilizer, and mowing plus herbicide plus fertilizer treatments had the 
greatest NDF.  The mowing plus herbicide plus fertilizer treatment had the greatest ADF 
at all of the locations, while the herbicide alone and fertilizer alone treatments at 
Lawrenceburg, the mowing alone and fertilizer alone treatment at Tompkinsville, and the 
mowing alone treatment at Richmond had the lowest ADF. None of the treatment 
combinations evaluated affected IVTD at Lawrenceburg. However, the mowing plus 
fertilizer treatment at Tompkinsville and the mowing alone treatment at Richmond had 
the greatest IVTD.  
 The forage quality of a pasture is an important component of any livestock 
production system, and one that frequently changes due to weather, management, and 
other biological factors. Based on the results of this research, additional research is 
needed to determine the effect of integrated weed management strategies on pasture 
forage quality.    
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Table 4.1. Dates of mowing, herbicide, and fertilizer treatment applications and biomass 
harvest at three Kentucky locations.  
Activity Lawrenceburg Tompkinsville Richmond 
Mowing 
July 17, 2008 
August 5, 2009 
July 22, 2008 
July 30, 2009 
July 15, 2008 
August 6, 2009 
Herbicide August 28, 2008 
August 21, 2008 
September 8, 2009 
August 18, 2008 
Fertilizer 
September 2, 2008 
September 11, 2009 
September 9, 2008 
September 1, 2009 
September 11, 2008 
September  10, 2009 
 
Biomass 
Harvest 
 
June 10, 2009 
May 27, 2010 
May 19, 2009 
May 18, 2010 
June 2, 2009 
June 2, 2010 
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Table 4.2. Main effects on crude protein at Lawrenceburg, Tompkinsville and Richmond 
in 2010. 
 
 
aMeans within a column for each main effect followed by the same letter are not different 
at p < 0.05. 
 
  
 Lawrenceburg Tompkinsville Richmond 
 ——————————————— %——————————————— 
Mowing-Yes 10.6 aa --- 13.9 a 
Mowing-No 11.2 a --- 12.1 b 
Herbicide-Yes 10.8 a --- 12.1 b 
Herbicide-No 11.1 a --- 13.8 a 
Fertilizer-Yes 10.9 a 14.3 a 12.5 a 
Fertilizer-No 11.0 a 14.0 a 13.4 a 
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Table 4.3. Main effects on Neutral Detergent Fiber at Lawrenceburg, Tompkinsville, and 
Richmond in 2010. 
 
aMeans within a column for each main effect followed by the same letter are not different 
at p < 0.05. 
 
  
 Lawrenceburg Tompkinsville Richmond 
 ——————————————— %——————————————— 
Mowing-Yes 61.8 aa 55.5 a 53.4 b 
Mowing-No 60.3 b 57.1 a 58.2 a 
Herbicide-Yes 61.4 a 66.1 a 57.7 a 
Herbicide-No 60.7 a 46.4 b 53.9 b 
Fertilizer-Yes 61.4 a 57.9 a 56.8 a 
Fertilizer-No 60.7 a 54.8 a 54.8 a 
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Table 4.4. Main effects on acid detergent fiber at Lawrenceburg, Tompkinsville, and 
Richmond in 2010. 
 
 
aMeans within a column for each main effect followed by the same letter are not different 
at p < 0.05. 
 
  
 Lawrenceburg Tompkinsville Richmond 
 ——————————————— %——————————————— 
Mowing-Yes 37.4 aa 34.1 a 36.3 b 
Mowing-No 36.4 b 34.3 a 37.8 a 
Herbicide-Yes 37.2 a 38.7 a 38.1 a 
Herbicide-No 36.7 a 29.7 b 36.1 b 
Fertilizer-Yes 37.2 a 35.2 a 37.5 a 
Fertilizer-No 36.6 a 33.2 a 36.6 a 
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Table 4.5. Main effects on in-vitro true digestibility at Lawrenceburg, Tompkinsville, and 
Richmond in 2010. 
 
aMeans within a column for each main effect followed by the same letter are not different 
at p < 0.05. 
 
 Lawrenceburg Tompkinsville Richmond 
 ——————————————— %—————————————— 
Mowing-Yes 61.6 aa 72.1 a 63.9 a 
Mowing-No 62.8 a 67.2 a 60.3 b 
Herbicide-Yes 61.4 a 65.0 b 60.1 b 
Herbicide-No 62.9 a 74.2 a 64.1 a 
Fertilizer-Yes 62.4 a 70.9 a 61.1 a 
Fertilizer-No 61.9 a 68.3 a 63.0 a 
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Table 4.6. Crude protein by treatment at Lawrenceburg, Tompkinsville, and Richmond in 
2010. 
 Lawrenceburg Tompkinsville Richmond 
 ——————————— %—————————— 
Nontreated 11.2 aa 17.0 ab 12.3 bc 
Mowing (Mow) 11.2 a 19.0 a 15.8 a 
Herbicide (Herb) 11.2 a 10.4 d 11.8 c 
Fertilizer (Fert) 11.5 a 15.0 bc 12.9 bc 
Mow + Herb 10.4 a 9.6 d 13.9 abc 
Mow + Fert 10.6 a 20.1 a 14.4 ab 
Herb + Fert 11.0 a 11.4 cd 11.4 c 
Mow + Herb + Fert 10.5 a 10.8 d 11.4 c 
LSD (0.05) NS 3.7 2.6 
P-values 0.3643 <.0001 0.0200 
 
aMeans within a column followed by the same letter are not different according to 
Fisher’s Protected LSD at p < 0.05. 
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Table 4.7. Neutral detergent fiber by treatment at Lawrenceburg, Tompkinsville, and 
Richmond in 2010. 
 Lawrenceburg Tompkinsville Richmond 
 ——————————— %—————————— 
Nontreated 60.3 cda 51.4 b 57.2 ab 
Mowing (Mow) 60.5 bcd 42.2 b 49.1 c 
Herbicide (Herb) 60.0 d 62.2 a 59.4 a 
Fertilizer (Fert) 60.0 d 45.6 b 57.1 ab 
Mow + Herb 62.2 ab 62.9 a 53.4 abc 
Mow + Fert 62.0 abc 46.5 b 52.2 bc 
Herb + Fert 61.2 abcd 69.2 a 59.0 a 
Mow + Herb + Fert 62.6 a 70.2 a 58.9 a 
LSD (0.05) 1.8 10.6 6.7 
P-values 0.0291 <.0001 0.0323 
 
aMeans within a column followed by the same letter are not different according to 
Fisher’s Protected LSD at p < 0.05. 
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Table 4.8. Acid detergent fiber by treatment at Lawrenceburg, Tompkinsville, and 
Richmond in 2010. 
 Lawrenceburg Tompkinsville Richmond 
 ——————————— %—————————— 
Nontreated 36.4 bcda 31.6 bc 37.0 abc 
Mowing (Mow) 36.4 cd 28.0 c 34.4 c 
Herbicide (Herb) 36.1 d 36.4 ab 38.4 a 
Fertilizer (Fert) 36.2 d 28.6 c 37.2 ab 
Mow + Herb 37.6 abc 36.8 ab 36.6 abc 
Mow + Fert 37.7 ab 30.6 c 35.7 bc 
Herb + Fert 36.9 abcd 40.6 a 38.8 a 
Mow + Herb + Fert 38.0 a 40.9 a 38.4 a 
LSD (0.05) 1.3 5.5 2.6 
P-values 0.0358 0.0001 0.0297 
 
aMeans within a column followed by the same letter are not different according to 
Fisher’s Protected LSD at p < 0.05. 
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Table 4.9. In-vitro true digestibility by treatment at Lawrenceburg, Tompkinsville, and 
Richmond in 2010. 
 Lawrenceburg Tompkinsville Richmond 
 ——————————— %—————————— 
Nontreated 62.0 aa 73.7 abc 61.8 bc 
Mowing (Mow) 64.0 a 76.7 ab 68.2 a 
Herbicide (Herb) 62.3 a 61.9 d 58.9 c 
Fertilizer (Fert) 64.0 a 65.4 cd 61.4 bc 
Mow + Herb 60.0 a 61.2 d 63.2 abc 
Mow + Fert 61.8 a 81.1 a 64.8 ab 
Herb + Fert 63.0 a 67.7 bcd 58.9 c 
Mow + Herb + Fert 60.9 a 69.3 bcd 59.2 bc 
LSD (0.05) NS 11.2 5.6 
P-values 0.0783 0.0125 0.0261 
 
aMeans within a column followed by the same letter are not different according to 
Fisher’s Protected LSD at p < 0.05. 
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Thesis Conclusion 
 Tall ironweed populations were significantly reduced by the aminopyralid + 2,4-
D herbicide treatment at all locations in 2009 and 2010 in grazed and non-grazed 
pastures. The main factors of mowing and fertilizer did not reduce tall ironweed 
populations at any location in any year. Following two years of biomass production the 
mowing plus fertilizer, herbicide plus fertilizer and mowing plus herbicide plus fertilizer 
treatments had the greatest forage biomass at Lawrenceburg, while the mowing plus 
herbicide plus fertilizer treatment at Tompkinsville and the fertilizer alone and herbicide 
plus fertilizer treatments at Richmond had the greatest forage grass biomass production. 
Clover biomass was eliminated from the herbicide treatments at Tompkinsville in 2009 
and 2010 and at Richmond in 2009; however at Richmond in 2010 clover biomass 
returned and was not statistically different from the untreated control. The untreated 
control had the greatest amount of total weed biomass at all locations after two years of 
production. All herbicide treatments had the least total weed biomass at all locations 
except for the mowing plus herbicide treatment at Tompkinsville. 
 Beef cattle grazing did not reduce the populations of any of the weeds evaluated 
despite visible signs of grazing for some weed species. Tall ironweed biomass was 
reduced by herbicide treatments at Lawrenceburg in 2009 and 2010 and at Tompkinsville 
in 2010. Mowing reduced tall ironweed biomass at Tompkinsville in 2010, and fertilizer 
treatments had no effect at either location in any year. Forage grass biomass was 
significantly reduced by grazing at Tompkinsville, which was attributed to an adequate 
amount of grazing intensity. However, total weed biomass was reduced 50 to 82% by 
grazing at both locations.   
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 The untreated control had the lowest forage value at Lawrenceburg and 
Tompkinsville, but at Richmond the control had the greatest forage value. The herbicide 
treatment, which was the lowest input cost, had the greatest actual returns at 
Lawrenceburg and Tompkinsville. Because of the untreated controls greater forage value 
none of the treatments at Richmond were able to improve production enough to show a 
return on investment. 
 The absence of legume forages at Lawrenceburg resulted in no significant 
differences among the main factors for crude protein and in-vitro true digestibility, and 
the herbicide treatments did not significantly affect the neutral detergent fiber and acid 
detergent fiber. However, crude protein was reduced by herbicide treatments and 
increased by mowing treatments at Richmond. The main effect of herbicide also reduced 
in-vitro true digestibility at Tompkinsville and Richmond, while mowing increased 
digestibility at Richmond. Herbicide treatments increased neutral detergent fiber and acid 
detergent fiber at Tompkinsville and Richmond, which could be the result of an increase 
in forage grass biomass.  
Herbicide treatments were the only treatments to reduce tall ironweed populations 
at all locations in grazed and ungrazed pastures and provide a profitable economic return 
at two locations despite a decrease in forage quality. While the herbicide treatments did 
remove clover biomass at two locations, clover recovered at one site one year after 
treatment. This research indicated that pastures can be significantly improved from a 
single herbicide application and that clover populations may be reestablished after 
treatment. 
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Appendix I 
 
A. Chapter 1: Integrated Management Strategies Reduced Tall Ironweed 
(Vernonia altissima) Populations and Weed Biomass and Improved Tall 
Fescue (Lolium arundinaceum) Pasture Productivity 
 
This Appendix contains supplemental data for Chapter 1 that were obtained during the 
course of the study. These data have undergone the same research methods listed under 
the Materials & Methods  section of Chapter 1. 
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Table A.1. Non-grazed weed populations at Lawrenceburg, Tompkinsville, and Richmond in 2009 and 2010 
aMeans within a column followed by the same letter are not different according to Fisher’s Protected LSD at p < 0.05. 
 
 Lawrenceburg Tompkinsville Richmond 
    Tall Goldenrod   . Annual  
Marshelder 
   Common Ragweed   .    Horseweed    .   Smooth Groundcherry   .    Carolina Horsenettle   . 
 2009 2010 2009 2009 2010 2009 2010 2009 2010 2009 2010 
 ———————————————————Stems/10m2———————————————————————— 
Nontreated 38.3 aa 58.3 a 12.5 a 8.3 a 1 a 1.7 a 0 a 7.5 ab 6.7 a 40.8 a 40 ab 
Mowing (Mow) 4.2 c 8.3 bc 10 a 0 b 0 a 2.5 a 0 a 0 b 5 a 40 a 47.5 ab 
Herbicide (Herb) 1 c 0 c 0 b 0 b 1 a 3.3 a 1.7 a 5.8 ab 9.2 a  35 a 22.5 b 
Fertilizer (Fert) 8.3 bc 27.5 ab 4.2 ab 4.2 a 1 a 2.5 a 0 a 6.7 ab 17.5 a 48.3 a  57.5 a 
Mow + Herb 0 c 0 c 0 b 0 b 1 a 0 a 1.7 a 1 b 6.7 a 35.8 a 36.6 b 
Mow + Fert 15.8 b 1 c 15 a 1 b 0 a 1.7 a 1 a 10.8 a 8.3 a 45.8 a 38.3 b 
Herb + Fert 0 c 0 c 0 b 0 b 0 a 2.5 a 1.7 a 7.5 ab 5.8 a 35.8 a 35.8 ab 
Mow + Herb + Fert 0 c 0 c 0 b 0 b 0 a 0 a 1.7 a 0 b 3.3 a 32.5 a 24.1 b 
LSD (0.05) 13.6 33.6 14.7 3.3 1.6 3.6 2.5 8.4 12.0 3.2 23.2 
P-values 0.0001 0.0001 0.0219 0.0001 0.7774 0.3694 0.4360 0.0357 0.8789 0.7444 0.0470 
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Table A.2. Tall ironweed biomass for 2009, 2010, and years combined at Lawrenceburg, Tompkinsville, and Richmond. 
         Lawrenceburg        .         Tompkinsville        .         Richmond        . 
 2009 2010 Combined 2009 2010 Combined 2009 2010 Combined 
 ————————————————————————kg ha-1—————————————————————— 
Nontreated 40 aa 10 bc 50 a 40 a 30 b 70 a 310 a 70 b 350 a 
Mowing (Mow) 40 a 30 a 70 a 10 a 20 b 30 a 140 bc 180 a 320 a 
Herbicide (Herb) 20 a 0 c 20 a 0 a 40 a 40 a 1 d 10 b 20 b 
Fertilizer (Fert) 30 a 20 ab 50 a 0 a 130  a 130 a 250 ab 70 b 330 a 
Mow + Herb 40 a 0 c 40 a 0 a 0 b 0 a 1 d 1 b 0 b 
Mow + Fert 40 a 0 c 40 a 130 a 0 b 130 a 60 cd 10 b 70 b 
Herb + Fert 20 a 0 c 20 a 0 a 0 b 0 a 0 d 10 b 10 b 
Mow + Herb + Fert 0 a 0 c 0 a 0 a 0 b 0 a 10 d 10 b 10 b 
LSD (0.05) 60 20 30 130 90 80 120 100 80 
p-value 0.8750 0.0036 0.3354 0.4693 0.0494 0.4281 <.0001 0.0076 <.0001 
 
 aMeans within a column followed by the same letter are not different according to Fisher’s Protected LSD at p < 0.05. 
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Table A.3. Total biomass for 2009, 2010, and years combined at Lawrenceburg, Tompkinsville, and Richmond. 
aMeans within a column followed by the same letter are not different according to Fisher’s Protected LSD at p < 0.05. 
         Lawrenceburg         .         Tompkinsville         .          Richmond          . 
 2009 2010 Combined 2009 2010 Combined 2009 2010 Combined 
 —————————————————————— kg ha-1——————————————————————— 
Nontreated 1720 da 1330 c 3050 c 1460 cd 1930 a 3400 a 2330 a 2460 a 4520 ab 
Mowing (Mow) 2270 bcd 1220 c 3500 bc 1770 bcd 1890 a 3660 a 1450 bc 2130 a 3580 c 
Herbicide (Herb) 2070 cd 1340 c 3410bc 1990 ab 1690 a 3680 a 1250 c 2110 a 3360 c 
Fertilizer (Fert) 2670 abc 1320 c 3990 b 1800 bcd 2130 a 3930 a 1900 ab 2850 a 4750 a 
Mow + Herb 1660 d 1400 bc 3060 c 1390 d 1800 a 3190 a 1370 bc 2370 a 3740 c 
Mow + Fert 3210 a 1820 ab 5020 a 1890 bc 2160 a 4050 a 1670 bc 2310 a 3980 bc 
Herb + Fert 3140 a 1930 a 5070 a 1980 ab 2090 a 4070 a 1630 bc 2460 a 4090 abc 
Mow + Herb + Fert 2870 ab 2020 a 4890 a 2400 a 1990 a 4390 a 1600 bc 2160 a 3760 c 
LSD (0.05) 680 460 870 490 550 790 560 480 870 
P-values 0.0001 0.0014 0.0001 0.0038 0.6526 0.0744 0.0108 0.0613 0.0026 
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Table A.4. Non-grazed biomass data for grasses, tall ironweed, total weeds, and total biomass at Lawrenceburg from September 29, 
2009. 
 Grasses Tall Ironweed Total Weeds Total Biomass 
 ————————————————— kg ha-1—————————————————— 
Nontreated 1130 aa 0 a 640 a 1770 a 
Mowing (Mow) 880 a 10 a 270 bc 1150 c 
Herbicide (Herb) 1060 a 30 a 110 cd 1170 c 
Fertilizer (Fert) 1050 a 10 a 750 a 1800 a 
Mow + Herb 1250 a 0 a 30 d 1270 bc 
Mow + Fert 1230 a 20 a 350 b 1580 ab 
Herb + Fert 1330 a 0 a 50 d 1380 bc 
Mow + Herb + Fert 1020 a 0 a 30 d 1050 c 
LSD (0.05) 300 40 a 190 350 
P-values 0.0975 0.7554 0.0001 0.0001 
aMeans within a column followed by the same letter are not different according to Fisher’s Protected LSD at p < 0.05. 
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Table A.5. Non-grazed biomass data for grasses, clover, tall ironweed, total weeds, and total biomass at Richmond from October 21, 2009. 
 Grasses Clover Tall Ironweed Total Weeds Total Biomass 
 ———————————————— kg ha-1———————————————— 
Nontreated 850 bcda 90 bc 90 ab 270 ab 1210 ab 
Mowing (Mow) 650 d 140 ab 0 b 200 bc 990 b 
Herbicide (Herb) 1110 ab 20 d 0 b 140 bc 1270 ab 
Fertilizer (Fert) 1060 abc 60 cd 160 a 380 a 1460 a 
Mow + Herb 810 cd 40 cd 0 b 100 c 960 b 
Mow + Fert 910 bcd 180 a 0 b 150 bc 1240 ab 
Herb + Fert 1280 a 10 d 0 b 100 c 1390 a 
Mow + Herb + Fert 1180 a 40 d 0 b 100 c 1310 a 
LSD (0.05) 270 50 90 170 320 
P-values 0.0002 0.0001 0.0050 0.0142 0.0260 
 
aMeans within a column followed by the same letter are not different according to Fisher’s Protected LSD at p < 0.05. 
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Table A.6. Main effects on tall ironweed stems in non-grazed pastures at Lawrenceburg, Tompkinsville, and Richmond in 2009 and 
2010. 
    Lawrenceburg   .    Tompkinsville   .    Richmond   . 
 2009 2010 2009 2010 2009 2010 
 ——————————————Stems/10m2—————————————— 
Mowed-Yes 3.1 a 3.8 a 2.5 a 4.6 a 15.0 a 31.5 a 
Mowed-No 5.0 a 6.0 a 4.6 a 7.1 a 22.3 a 37.3 a 
Herbicide-Yes 1.8 b 1.2 b 1.0 b 2.9 a 5.4 b 14.4 
Herbicide-No 6.3 a 8.5 a 6.1 a 8.8 a 31.9 a 54.4 
Fertilizer-Yes 4.4 a 5.2 a 3.8 a 6.5 a 17.1 a 37.3 a 
Fertilizer-No 3.7 a 4.6 a 3.3 a 5.2 a 20.2 a 31.4 a 
 
aMeans within a column for each  main effect followed by the same letter are not different at p < 0.05. 
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Table A.7. Additional non-grazed weed populations at Lawrenceburg, Tompkinsville, and Richmond from 2010. 
 
 
 
 
 
 
 
 
 
 
 
 
 
aMeans within a column followed by the same letter are not different according to Fisher’s Protected LSD at p < 0.05. 
 
   Lawrenceburg   .      Tompkinsville     .    Richmond   . 
 Tick Clover Tick Clover Curly Dock Common 
Cocklebur 
 ——————————————— stems 10 m-2————————————— 
Nontreated 26.6 aba 105 a 0 b 10.0 bc 
Mowing (Mow) 30.8 a 100 a 8.3 a 2.5 c 
Herbicide (Herb) 14.1 b 3.3 c 0 b 13.3 ab 
Fertilizer (Fert) 25.8 ab 65.8 ab 5 ab 25.0 a 
Mow + Herb 17.5 ab 2.5 c 0 b 9.1 bc 
Mow + Fert 20.8 ab 77.5 b 10 a 3.3 c 
Herb + Fert 14.1 b 0 c 0 b 4.1 c 
Mow + Herb + Fert 0 c 5.8 c 0 b 5.8 bc 
LSD (0.05) 16.33 42 9.2 11.3 
P-values 0.0001 0.0001 0.0392 0.0048 
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Table A.8. Line transects assessment of tall ironweed populations in non-grazed pasture at Lawrenceburg, Tompkinsville, and Richmond in 2009 
and 2010. 
 
aMeans within a column followed by the same letter are not different according to Fisher’s Protected LSD at p < 0.05. 
     Lawrenceburg    .     Tompkinsville    .      Richmond      . 
 2009 2010 2009 2010 2009 2010 
 ———————————————————————% area———————————————————————— 
Control 5.00 aba 11.66 a 5.83 a 12.50 a 14.16 ab 20.83 a 
Mowing (Mow) 8.33 a 4.16 b 0.83 a 9.16 ab 10.83 b 20.83 a 
Herbicide (Herb) 0.00 d 1.66 b 0.00 a 0.00 c 1.66 c 5.00 b 
Fertilizer (Fert) 4.16 bc 10.00 a 2.50 a 11.66 ab 12.50 ab 21.66 a 
Mow + Herb 0.83 cd 3.33 b 0.00 a 1.66 c 1.66 c 0.83 b 
Mow + Fert 5.00 ab 4.16 b 2.50 a 5.83 bc 19.16 a 18.33 a 
Herb + Fert 0.83 cd 2.50 b 0.00 a 0.00 c 0.83 c 3.33 b 
Mow+Herb+Fert 0.83 cd 0.83 b 0.00 a 0.83 c 2.49 c 4.16 b 
LSD (0.05) 3.91 5.72 3.98 6.29 7.15 13.02 
P-values 0.0021 0.0057 0.0611 0.0005 0.0001 0.0040 
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Table A.9. Line transect assessment of herbaceous weed* populations in non-grazed pasture at Lawrenceburg, Tompkinsville, and Richmond in 
2009 and 2010. 
     Lawrenceburg    .     Tompkinsville    .       Richmond      . 
 2009 2010 2009 2010 2009 2010 
 ———————————————————————% area———————————————————————— 
Control 20.03 aa 59.17 a 31.66 a 35.00 a 17.50 ab 45.83 a 
Mowing 9.168 bcd 48.33 ab 39.17 a 30.00 a 12.50 bc 36.66 bc 
Herbicide 0.00 d 27.50 bc 0.00 b 4.16 b 2.50 d 38.33 bc 
Fertilizer 10.83 abc 48.34 ab 33.33 a 39.99 a 23.33 a 57.50 a 
Mow + Herb 0.83 cd 19.17 c 0.00 b 11.66 b 5.00 cd 25.83 c 
Mow + Fert 12.49 ab 30.83 bc 24.16 a 37.49 a 15.83 ab 40.83 abc 
Herb + Fert 0.00 d 28.33 bc 0.00 b 7.50 b 4.16 cd 24.16 c 
Mow+Herb+Fert 2.50 bcd 14.17 c 0.00 b 9.16 b 1.66 d 30.00 bc 
LSD (0.05) 10.65 24.41 17.09 17.01 9.87 18.95 
P-values 0.0056 0.0104 0.0001 0.0003 0.0008 0.0263 
aMeans within a column followed by the same letter are not different according to Fisher’s Protected LSD at p < 0.05. 
*Herbaceous weeds consisted of tall ironweed, tall goldenrod, tickclover (Desmodium spp.) ,clover, common ragweed, annual marshelder, Philadelphia fleabane (Erigeron 
philadelphicus L.), common milkweed (Asclepias syriaca L.), white heath aster (Symphyotrichum ericoides L.), bull thistle (Cirsium vlugare Ten.), horseweed, common ragweed, 
Carolina horsenettle, smooth groundcherry, dandelion (Taraxicum officinale G.H. Weber ex Wiggers), common cocklebur (Xanthium strumarium L.),and curly dock (Rumex 
crispus L.) 
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Table A.10. Line transect assessment of woody weed* populations in non-grazed pasture at Lawrenceburg and Tompkinsville in 2009 and 2010. 
     Lawrenceburg    .     Tompkinsville    . 
 2009 2010 2009 2010 
 ———————————————% area——————————————— 
Control 4.16 aa 3.33 a 1.66 a 13.33 a 
Mowing 5.83 a 6.66 a 1.66 a 10.00 a 
Herbicide 4.16 a 2.49 a 0.00 a 4.16 a 
Fertilizer 1.66 a 5.83 a 0.83 a 10.00 a 
Mow + Herb 3.33 a 0.83 a 0.00 a 5.83 a 
Mow + Fert 0.83 a 6.66 a 5.00 a 10.83 a 
Herb + Fert 1.66 a 3.33 a 0.00 a 5.83 a 
Mow+Herb+Fert 0.00 a 0.83 a 0.00 a 3.33 a 
LSD (0.05) 5.89 5.53 4.06 10.13 
P-values 0.4742 0.1827 0.2035 0.4064 
 
aMeans within a column followed by the same letter are not different according to Fisher’s Protected LSD at p < 0.05. 
*Woody weeds consist of trumpet creeper (Campsis radicans L.), buck brush (Ceanothus cuneatus Nutt.), poison ivy (Toxicodendron radicans L.), 
multiflora rose (Rosa multiflora Thunb.), and blackberry (Rubus spp.) 
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Table A.11. Line transects assessment of tick clover populations at Lawrenceburg and clover populations at Tompkinsville and Richmond in non-
grazed pasture in 2009 and 2010. 
     Lawrenceburg    .     Tompkinsville    .       Richmond      . 
 2009 2010 2009 2010 2009 2010 
 ———————————————————————% area———————————————————————— 
Control 11.66 aa 24.16 a 25.83 a 36.66 b 20.00 a 26.67 a 
Mowing 9.16 ab 17.50 ab 25.00 a 57.49 a 20.83 a 46.67 a 
Herbicide 3.33 bc 10.83 bc 0.00 b 0.83 c 0.00 b 14.17 a 
Fertilizer 13.33 a 24.16 a 27.50 a 44.16 ab 20.83 a 27.50 a 
Mow + Herb 1.66 bc 12.50 bc 0.00 b 5.00 c 0.00 b 36.67 a 
Mow + Fert 3.33 bc 7.50 c 18.33 a 39.16 b 24.16 a 41.67 a 
Herb + Fert 0.00 c 8.33 bc 0.00 b 0.00 c 0.00 b 28.34 a 
Mow+Herb+Fert 0.83 c 3.33 c 0.00 b 2.50 c 0.00 b 27.50 a 
LSD (0.05) 8.09 9.58 10.86 14.76 12.38 21.45 
P-values 0.0111 0.0009 0.0001 0.0001 0.0001 0.1125 
 
aMeans within a column followed by the same letter are not different according to Fisher’s Protected LSD at p < 0.05. 
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Appendix II 
 
B. Chapter 2: The Impact of Beef Cattle Grazing on the Effectiveness of 
Integrated Management Strategies on Weed Populations and Biomass and 
Pasture Productivity in Tall Fescue (Lolium arundinaceum) Pastures 
 
This Appendix contains supplemental data for Chapter 2 that were obtained during the 
course of the study. These data have undergone the same research methods listed under 
the Materials & Methods section of Chapter 2. 
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Table B.1. The effect of grazing on tick clover at Lawrenceburg and tick clover and curly 
dock at Tompkinsville in 2010. 
   Lawrenceburg   .             Tompkinsville               .   
 Tick Clover Tick Clover Curly Dock 
 ————————————stems/10 m2————————————— 
Grazed-Yes 33.5 aa 20.0 b 4.7 a 
Grazed-No 18.8 a 45.0 a 2.9 a 
 
aFor each location means within a column followed by the same uppercase 
letter are not different at p < 0.05. 
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Table B.2. Main effects on weed stems in grazed pastures at Lawrenceburg and 
Tompkinsville in 2010. 
   Lawrenceburg   .             Tompkinsville               .   
 Tick Clover Tick Clover Curly Dock 
 ——————————stems/10 m2——————————— 
Mowing-Yes 25.3 aa 10.0 a 2.1 a 
Mowing-No 27.0 a 10.7 a 1.8 a 
Herbicide-Yes 16.8 b --- 0.1 b 
Herbicide-No 35.5 a --- 3.7 a 
Fertilizer-Yes 19.1 b 9.2 a 2.3 a 
Fertilizer-No 33.2 a 11.4 a 1.5 a 
 
aMeans within a column followed by the same letter are not different at p < 
0.05. 
 
 
 
133 
 
Table B.3. Grazing by herbicide interaction on tick clover stems at Tompkinsville in 
2010. 
 Herbicide-Yes Herbicide-No 
 ——————stems/10 m2————— 
Grazed-Yes 0 Aabb 40 Ba 
Grazed-No 2.9 Ab 87.1 Aa 
 
a Means within a column followed by the same uppercase letter are not 
different at p < 0.05. 
b Means within a row followed by same lowercase letter are not different at p < 0.05.   
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